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THE INGERSOLL-RAND 


RETURN-AIR” 


PUMPING SYSTEM 


Some Advantages 


Saves the power usually wasted by 
the continued compression and 
release of air at atmospheric pressure. 

Pumps from any depth with high 
economy. 

Handles, without injury, muddy, 
gritty water, sand, acids, solutions, 
and all fluids. 

Wholly automatic in operation. 

No wearing parts outside the 
compressor room. Simple in con- 
struction, installation and operation. 


INGERSOLL-RAND CO. sewvorx 








LIDGERWOOD M’F’G CO., 





cee nsiedite. 96 Liberty Str eet, See. Ore. 
Cleveland, O. New York. New Orleans. 
ANDARD 
si Cableways, 
High-Speed mn 
Hoisting maltany 
: AND 
Engines. | 
Built on the x Conveying 
Duplicate i) 3 Ee 2 ; 
Part System. See 3=Devices, 


For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Mining, 
Quarrying, Logging, and General Contract Work. 














Fiske Brothers Refining Co. 
NON-CARBONIZING OIL 


FOR USE IN AIR CYLINDERS OF 


AIR COMPRESSORS 


Also all Grades of Lubricants for use on Machinery 
Propelled by Compressed Air 


Office and Salesroom, No. 59 Water St., New York, U.S. A. 


Cable Address: London Office : Sole Agents for Scotland: 
** LUBROLEINE.”’ 3 MITRE STREET JOHN MACDONALD & SON 
ALDGATE, LONDON, E. C. GLASGOW, SCOTLAND 
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CK wars 
DRILLS 


SED in every country on 
the globe where rock is 
excavated. Built from tested 
materials under expert super- 
vision and by most approved 
methods. Sold under a posi- 
tive guarantee of absolute 
interchangeability. 


The iliustration shows an 
Ingersoll-Rand Drill at work 
on the Panama Canal. There 
are used on the Canal 200 
French-Ingersoll Drills, built 
in 1883, and 100 Ingersoll-Rand 
Rock Drills, built in 1905. 


INGERSOLL-RAND CO. 


{| BROADWAY 


Cleveland, 0. Boston, Mass. NEW YORK St. Louis, Mo. El Paso, Texs 
Pittsburg, Pa. Philadelphia, Pa. Chicago, Ill, Houghton, Mich. Mexico City, Mex. 
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PORTER COMPRESSED AIR 
MINE AND INDUSTRIAL HAULAGE. 
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MORE UP-TO-DATE, SAFER, HANDIER AND MORE RELIABLE AND ECONOMICAL 
THAN ELECTRICITY. 


We introduced the first air haulage into anthracite mines, and have installed about 80 per 
cent. of the air locomotives in America and the majority of those in the world. We can refer to 
a large numbe1 of plants with one to fifteen locomotives, track gauges 18 to 56% inches. Our 
designs are automatic, easily controlled and free from complications. 

SPECIAL OFFER: On application of Mine Superintendent or prospective user, we will mail 
free our 233 page catalogue describing 600 steam and 60 air locomotives. ‘To accommodate others 
a copy will be mailed on receipt of 50 cents in stamps. 


Address. «++ HK, PORTER COMPANY, - - 640 Wood St., Pittsburgh, Pa, 


Te ae ae a ae ae ae ae a ae a Mi Se ee Mi Me Me Ma Se a Me ae ee Me ee Se Me ae Se Me Me ee Oe ae ae es 


be Se it Sie Mie bie ie Wik We ie Wie ie Nhe ie ie De De le ie ie ae ie le ee ee 


SOT RAT 


©. 2B. BB. BK, BeBe Be Bn cBa cece Be cBechecBe Be cBecBecBe Be eco che Be BocBocBe Be cBe che cBe Be Beede che 
a a a a OD 
eee? ogg? *s" *S* SS Ss SS Se ee Se 


Cree es ee eee 








EAS oo BRS TIES 





EST. 1856 WEEKLY 





A Journal of Transportation, Engineering and Railroad News 


THE RECOGNIZED LEADING RAILROAD PAPER 


Amongst Railroad Officers—the men that buy—the 
circulation of the RAILROAD GAZETTE is greater 
than the combined circulation of all other Railroad 
papers. It covers all departments. 
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Advertising rates on Application 


Subscription $5.00 a year Sample Copy free 
NEW YORK LONDON CHICAGO 
83 Fulton Street. Queen Anne’s Chambers. Old Colony Bldg. 
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Leads and Holders: 








Using more colored leads than any 
other business house in the world, 
and unable to find a lead-holder 
that would hold and keep on 
holding, we invented one with a 
positive stop, no provoking clutch. 
It has stood the test of a dozen 
years’ constant use; it doesn’t 
wear out; the lead can’t work 
back ; it is a double-ender; it is 
perfection for editing copy, check- 
ing, etc. We mail it for 25 cents, 
loaded with two leads. We sell 
black, blue, green, yellow and red 
leads for $5.00 a gross, 50 cents a 
dozen, 5 cents a piece—miade for 
us, 3 inches long, the best quality 
we can get. Stamps acceptable. 


Luce’s Press Clipping Bureau 


26 Vesey St., New York 
68 Devonshire St., Boston 





‘THE only publication in the 
world devoted exclusively 
to the boiler-making industry is 








—— THE — 








| BOILER MAKER | 





‘Subscription 
Price, 


$1.00 














The GURTIS Air Compressor 


Electric Driven 
Automatic 
Efficient 
Economi- 
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CURTIS & CO. MFG. CO., St. Louis, Ma. 





LIST OF AGENTS: 

A. E. Hoermann, 261 Broadway, N.Y. 

The Strong,Carlisle & HammondCo.,Cleveland,O. 
Baird Machinery Co., Pittsburgh, Pz. 








Hill, Clarke & Co., Boston, Mass. 


per year 
Domestic 
$1.50 Foreign 
Sample Copies Free 
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“COMPRESSED AIR” 


Published Monthly. 


This is the only publication devoted to the useful applications of compressed 
air, and it is the recognized authority on all matters pertaining to this subject. 


RATES OF SUBSCRIPTION. 


United States, Canada and Mexico, : : é per year, $1.00 
All other Countries, : : ioe . ; ‘ I.50 
Single Copies, : ' : * ° ° ‘ : -I0 


LIST OF BOOKS ON COMPRESSED AIR. 


Volume No. 10, ‘‘ Compressed Air,” ; ; . cloth, 
March, 1905—February, 1906, ‘in T rm twelve numbers of 
ii Compressed Air,’ which make up a summary of a year’s events, includ- 
ing descriptions of important com pressed air installations and applications, 
all well illustrated with fine half-tone engravings and line cuts. 
“Compressed Air Information,’’ Edited by W. L. Saunders, "i . Cloth, 
A Cyclopedia containing Practical Papers on the Production, ‘l'ransmission and 
Use of Compressed Air 
** Pumping by Compressed Air,” by Edward A. Rix, 


A practical treatise on this subject, containing valuable information, with 
diagrams and tables. The different systems are described and compared, 
and the advantages of each impartially stated. 


“Compressed Air,” by Frank Richards, ; ‘ : . Cloth, 

Contains practical information upon air compression and the transmission and 
application of compressed air. 

“Liquid Air and the Liquefaction of Gases,”’ by Prof. T. O’Conor Sloane, 350 pages, 


Experiments upon the Transmission of Power by Compressed Air in Paris, by A. 
B. W. Kennedy, F. R. 8., M. Inst. C. E., Emeritus Professor of Engineering i in 
University College, London. The Transmission and Distribution of Power 
—- Central Station by —— Air, 7 William Cawthorne asin B. 

8. C., F. R.S., M. Inst. C.E., ‘ ° 


‘**Electrician’s Handy Book,” by Prof. T. O’Conor Sloane, 800 pages, . leather, 


A practical hand-book on electrical work for the engineer and non-technical 
man. 


“Mechanics of Air Machinery,” by Julius Weisbach and Gustav Hermann, 
cloth, 
The Transmission of Power by Compressed Air, by Robert Zahner, M. E., 


** Tunneling,” a ractical treatise, by Charles Prelini, C. E. With additions by 
Charles S$ Hill, C. E. 150 diagrams and illustrations, é ° cloth, 


‘* Transmission of Power by Fluid Pressure,” by Wm. Donaldson,M. A. cloth, 
(M. Inst. C. E.) 


‘“*Modern Machine or Construction, een and meget, vs kaa di Oscar 
E. Perrigo, M. E. 


Forwarded caleiet on aw of price. 
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Commercial Law 


TAUCHT BY MAIL 


No business man can afford to be without 
the information contained in the I. C. S. Com- 
mercial Law Course, for it will enable him to 
carry on business transactions more intelligently, 
and to avoid much trouble and litigation. 


The laws of contracts, commercial 
paper, banks and banking, partnership, 
corporations, trusts, patents, copy- 
rights and trade-marks, debtor and 
creditor, executors and administrators, 
etc., etc., are fully treated, Since the 
Course is especially written for self- 
instruction, the presentation of all the 
subjects is very clear and simple. 


The six Bound Volumes of this Course, being 
virtually duplicates of the Instruction Papers, 
contain the complete Course in permanent form. 
They can be obtained with or without the privi- 
lege of instruction by mail. 


Send for full particulars to-day. 


International Correspondence Schools, 
Box 1182, Scranton, Pa. 


For Cleaning Costings, Structural Steel and 





The Injector Sand Blast 


APPARATUS 






ork, etc. 


Stone 
WRITE FOR CIRCULAR 





1905 MODEL 
Made by C. DRUCHLIEB 
132 Reade Street, New York 











LEAKS 

Only 15 per cent. of the energy of a ton of coal 
burned under a steam boiler is converted into 
power. The other 85 per cent. is paid for, but lost. 

Mr. Businessman—how much of the real power 
of your business engine is lost through overlooked 
leaks, opportunities to sell that you never even 
heard about ? 


Press Clippings 

will save you much of this lost business energy. 
They will stop up the selling leaks, open up new 
markets for your goods and find you buyers whom 
you would never hear about in any other way. 
They will place before you every scrap of informa- 
tion printed in this country pertaining to your 
line of business and give it to you from day to day 
while it is fresh and valuab!e and Lefore your 
competitors have even heard of it. 


The {nternational Press Clipping Buread, 


the largest press clipping bureau in the world, will 
send you everything printed in every nowspaper, 
magazine or trade journal in the country, on any 
subject you may select. 
his Bureau reads and clips 55,000 papers 
and other periodicals each month, and even 
if you are now a subscriber to some other 
clipping bureau, it will pay you to inves- 
tigate our superior service. Write for 
our book about Press Clippings and our 
Daily Business Reports and how they may be 
applied to your profit. We will send it to 
you free and will also quote you a special 
argain rate for a trial month, if you will 
name the subject. Address 


International Press Clipping Bureau, 


108 Boy ce Building, Chicago, Illinois, U.S.A. 








ANY MAN 


mechanicaily inclined, knows the advantage 
and necessity of keeping himself well in- 
formed as to the progress which is being 
made continually in the machinery world. 
Our monthly journal, 


MODERN MACHINERY 


tells you every month all about this prog- 
ress. It is well illustrated and interestingly 
written, and costs but $1.00 per year. Single 
copies 10 cents. 


WE WANT 


every reader of COMPRESSED Arr to send us 
his subscription at once, so that he may take 
advantage of our liberal offer. 

Send us $1.00, and we will send you 
Modern Machinery for one year, and 






} PALE Re MoinG 


we will also send you, free of all charges, one 
of our Improved Gravity Stylo Pens, an im- 
provement over the ordinary fountain pen. 


--- SUBSCRIBE AT ONCE.,. 








Modern Machinery Pub. Co. 
~ 816 Security Building, Chicago, Ill. 


























The Only Publication 
in the World 





Devoted:exclusively to Engineering as 
applied to Marine work is Marine 
Engineering 
TERMS OF SUBSCRIPTION 

Per Year Per Copy 
United States, Canada and Mexico, $2.00 20 cents 
Other Countries in Postal Union, 2.50 25 cents 


SAMPLE COPY FREE 


MARINE ENGINEERING 
17 Battery Place, NEW YORK, U.S.A. 
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‘ The Draftsman 
$1.00 per Year “ ¥ 


4 Months’ Trial 25 Cents 


W P, 0. Box 136, Station B, Cleveland, Ohio ® 
Pp B33 333 333 3:32 332 332 2 3:33333¢ 
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Compressed Air. 


Practical information upon Air-Compression 
and the Transmission and Application 
of Compressed Air. 
By Frank RICHARDS. 12mo, cloth, $1.50 
John Wiley & Sons, New York. 

















WHEN BUYING MACHINERY 


Use the Lists in Our 


BUYERS’ GUIDE, containing 1287 HEADINGS 
and 1100 NAMES of leading manufacturers 


and contracting concerns in about 250 pages. 
The GUIDE is 15c., or with sample copy of ENGINEERING NEWS, 25c., stamps or coin 
Don’t delay, as its use will save you time 


ENGINEERING NEWS 
220 Broadway 





NEW YORK, N. Y. 
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CAMERON PUMPS 


The Slogan of the Cameron, ‘‘CHARACTER : the Grandest Thing”’ 


UNSOLICITED TESTIMONIALS VERSUS FAIRY TALES. 


DAVIS SULPHUR ORE Co., 
OF N. J. 

65 WALL STREET. , 

Vertical 


Sinker; Height and 


NEw York, Dec. 9, 1905. Regular 


Cable Address: Sulphore 
NEW YORK. 


A. S. CAMERON STEAM PuMP WorKS, Distance Limited 


Foot of East 23d St., 


NEW YORK City, N. Y. by Steam or Air 


Gentlemen :— Power only. . . 


We have your favor of the 8th, for which we 
thank you. 

It is not certain if we shall require the pump 
mentioned, but if we do, you may rest assured it will be 
the Cameron. We haveno pumps of any other make 
in the mine; as yours havez given such first class 
satisfaction, we have no desire to change. 


Yours truly, 
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PUMPS IN USE ey re DAVIS SULPHUR ORE CO. 


Record of 25 Years. 
LIST OF PURCHASES AND PUMPS. 





for General 


Pattern 
Service, Compact, Strongly Built. 


Regular 


Aug. 16, 1882. 
Feb. 21, 1888. 
May 5, 1893. 
Aug. 17, 1899. 


1 7x34x12 No.5 Hor. Regular Pattern. 

1 

1 

1 
Feb. 13,1900. 1 

1 

1 

1 

1 


12 x 5 x 13 Hor. Plunger Pattern. 

18x6x18 *“* in ” 

12 x 6 x 18 No. E Hor. Plunger Pattern. 
x3x 7 Vertical Plunger Sinker. 

x 5 x 13 e *. ad 

x 24% x 6 Hor. Regular Pattern. 

x 344 x 12 Hor. Regular Pattern. 

x 34 x7 Vertical Plunger Sinker. 


April 2, 1901. 
Feb. 20, 1902. 
Jan, 29, 1904, 
Dec. 17,1904. 





6 
10 
5 
~ 


Regular Plunger Pattern 
for Station Duty. . . . 


6 


Our Catalog ‘*K** is attractive, interesting and helpful, but we want to 
confer with you by letter or in person when you need a pump. Write us. 


A.S. CAMERON STEAM PUMP WORKS 


FOOT OF EAST 23d STREET 





NEW YORK 
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ENGINEERING WORLD | 





A MONTHLY JOURNAL DEVOTED TO 


Civil, Mechanical, Electrical, Mining and Architectural Engineering and P 
Construction as well as Manufacturing in all its Phases 


One Dollar a Year 








For the Advertiser—A thoroughly high-class circulation among Engineers, 


Contractors, etc., in the Middle West—The only Engineering Periodical 
to cover the richest Engineering Territory—Our advertisers are satisfied 
—Rates on application 


For the Subscriber—Feature Articles by Halbert P. Gillette, M. A. S. C. E., 
and timely Engineering matter prepared by our editors—Editorials, 




















* sok Reviews, Construction News, Proposals, Notes, etc. f 
Offices of Publication, Manhattan Building, Chicago é 
New York Office, -<« - 1267 Broadway i 

AIR COMPRESSORS Do You Want to Reach 
the Users of Com- 
ALL STYLES—ALL SIZES pressed Air? 
EMBODYING LATEST ; ‘ 
IMPROVEMENTS & vy, 


HERE IS THE] |» 
OPPORTUNITY | | 


Every Reader of “Compressed 
Air” is Interested in . ' 
that Subject. a lt 
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McKIERNAN DRILL 60. “COMPRESSED AIR,” : 
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I! Broadway, Sd 
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CONTRACTORS’ SUPPLY & EQUIPMENT CO NEW YORK. s «=P 
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“Compressed fir,” 


OR 


THE COMPRESSED AIR MAGAZINE. 


A MONTHLY PUBLICATION DEVOTED TO THE USE- 
FUL APPLICATIONS OF COMPRESSED AIR. 





W.1,. SAUNDERS, - - Editor and Proprietor 
Cc. B. MORSE, -  - - Managing Editor 
J. E. QUINTERO, - - - - - Treasurer 








Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All othercoun- 
tries, $1.50a year. Single copies, 10 cents. 





Advertising rates furnished on application. 








We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
pressed air. 

All communications should be addressed to Com- 
PRESSED AIR, 11 Broadway, New York. 

London Office, 114 Queen Victoria Street. 

Those who fail to receive papers promptly will 
please notify us at once. 





Entered as Second-Class Matter at the New York, 
N. Y., Post Office. 





MARCH, 1906. 
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A New Volume. 


With this issue ComprEssED AiR begins 
its eleventh year. We have in prospect 
for the near future several changes in the 
appearance and arrangement of the maga- 
zine which will, we hope, serve to make 
it more attractive to our readers. 

CompresseD Air differs essentially 
from most of the popular or technical 
magazines in that it deals exclusively with 
one subject and stands alone in that 
field. From the time of its conception 
it has aimed to sum up the current in- 
formation on the subject of compressed 
air and to assist in the discussion and 
publication of such ideas and suggestions 
as may deal with its development. 

While compressed air was by no means 
unknown a decade ago, this period has 
shown a remarkable change in the gen- 
eral attitude of both the general and engi- 
neering public toward this method of 
power transmission. In wide and dis- 
tinctive fields compressed air has found 








its place. 

ties before it which time will develop. 
Compressep Air is not the organ of 

an experimental science but deals with 


There are still many opportuni- 


practical subjects. The new inventions 
and the experiments all have their place 
in our columns but it has been our con- 
sistent policy to deal at length with the 
practical uses of this power and to in- 
clude much that can be read with interest 
and profit by the man who is called upon 
to use air under pressure in the course 
of his daily work. 

Descriptive technical articles are pub- 
lished in these columns at frequent inter- 
vals. One of special importance is given 
space in this issue. It deals with the 
different formulae relating to the compres- 
sion of air and should be preserved by 
every engineer who has to deal with air 
under pressure. 

Ten years ago it was an open question 
whether there was a sufficiently large read- 
ing public among those interested in com- 
pressed air to support a publication de- 
voted exclusively to that subject. Com- 
PRESSED AIR was started and the course 
of events has conclusively proven that it 
has its place. The growth has been a 
steady and a healthy one. The same 
policy in the conducting of this magazine 
which has been successful in the past will 
be followed in the year to come. Effort 
will be made to increase its usefulness in 
its particular field. In this we ask the 
co-operation of our readers. 

Suggestions as to ways in which the 
magazine can be improved, will be cor- 
dially welcome. Its columns are always 
open to contributions on any feature of 
the general topic. If you have problems 
in the use of compressed air regarding 
which you desire assistance, write to us. 
We will gladly help you or put you in 
touch with some one who can. Such in- 
quiries often prove of general interest and 
start a discussion which will be of material 
assistance to many. 
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We thank our advertisers for their sup- 
port during the last twelve months. 
Compressep Air does not claim a cir- 
culation equal to many of that of the gen- 
eral engineering publications. It has, 
however, this one advantage: Every copy 
goes to some one who is interested in 
compressed air. If you would reach the 
people who are looking for information 
on this subject, Compressep Arr offers 
the only practical medium. 





A Compressed Air Saw. 


Readers of CompresseD AIR may re- 
member a description of the Redfield 
compressed air saw which appeared in 
the February, 1904, issue. We have had 
a number of inquiries for that device 
since that article appeared, the latest com- 
ing from a man interested in a northern 
Minnesota timber proposition. He con- 
templates beginning work at an early date 
and wants to use the very latest improved 
appliances. Having heard of this saw 
in question, he wrote to us for informa- 
tion. The saw is built by the Ashland 
Tron Works of Ashland, Oregon, and was 
given its first practical trial in the woods 
by the McCloud River Lumber Company, 
of McCloud, California. 

If any readers of ComprEsSED AIR 
have any further information regarding 
either this saw or any other operated by 
compressed air, we shall be pleased to 
give it space in the coming issues of this 
publication. There appears to be a dis- 
tinct field for devices of this nature for 
use in the western logging camps. 





Sea Level or Lock Canal. 


Without doubt, the greatest engineer- 
ing project of the present century is the 
task which the United States Govern- 
ment has assumed in the building of the 
Panama Canal. Included in this is the 
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removal of over 100,000,000 cubic yards 
of rock. In this gigantic undertaking 
compressed air is bound to come to the 
fore as an absolute essential for the 
rapid and economical completion of this 
part of the work. For that reason readers 
of Compressep Air will find it of interest 
to keep in touch with the progress being 
made. 

The last ‘step has been the forwarding 
by President Roosevelt to Congress of 
the report of the Board of Consulting 
Engineers. This report consists of two 
parts, one being the plan of eight mem- 
bers of the Board and in favor of the 
sea-level canal; the other being the re- 
port of five members of the Board recom- 
mending the canal with a summi® of 
eighty-five feet above the sea, to be 
reached by locks. The report was ac- 
companied by a letter to Secretary of 
War Taft from Chief Engineer Stevens 
and the members of the Isthmian Canal 
Commission, with the exception of Ad- 
miral M. T. Endicott. The members of 
the Commission and Mr. Stevens en- 
dorsed the minority report, which favors 
the eighty-five foot lock canal. Admiral 
Endicott advocated the 
structure, as outlined in the majority 
report. President Roosevelt’s letter of 
transmissal places him among those who 
favor the lock canal. 


sea-level 


A careful perusal of the report makes 
it clear that the majority has based its 
recommendation on the belief that the 
greater efficiency and ultimate value of 
the sea-level canal make it more than 
worth the extra cost and the slightly in- 
creased time of construction it requires. 
Its character makes the 
conditions under which it will be operated 
so radically different from those of simi- 


international 


lar enterprises on a smaller scale that it 
is hardly fair to judge one by the other. 
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While the completion of the canal at as 7 


early a date as possible is a thing much 
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to be desired, the question of a few years 
should not be allowed to interfere and 
impair the efficiency of an uudertaking 
of this nature which is destined to serve 
the people of this and other countries for 
many generations to come. 

Every citizen of the United States, par- 
ticularly those who are interested in the 
engineering projects of the land, should 
not fail to become conversant with the 
plans of construction now under con- 
sideration. Through the courtesy of the 
Engineering Record, COMPRESSED AIR 
will give in a coming issue an illustrated 
resume of the essential features of the 
sea-level canal as advocated by the ma- 
jority of the Board of Consulting En- 
gineers. An abstract of the plan for the 
lock canal as proposed by the minority 
will be given later. 





Derivation of Formulae for Single and Stage 
Compression; also, Proof of Conditions 
Governing Best Proportioning and Highest 
Economy in Stage Compression. 





BY EDWARD F. SCHAEFER, M. M.E. 





In estimating various items in air com- 
pression, the usual and, of course, the 
natural and desirable way of proceeding 
is to employ formulae which have pre- 
viously been worked out. This practice 
saves time, and eliminates, to a large ex- 
tent, errors that would be apt to appear 
in long calculations. 

Of all the equations used in solving 
problems, there is hardly one more im- 
portant or more frequently employed than 
that which expresses the work done in 
compressing air or gas. It is the author’s 
purpose to show how this useful formula 
for horse-power is developed. 

Adiabatic compression occurs when a 
decrease in volume is attended by an in- 
crease in both pressure and temperature, 
according to the law: 


Pi v7 4t=», v4 = Constant 


In this equation py and v: are the press- 
ure in pounds per square foot and the 
volume in cubic feet, respectively, at a 
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certain point during compression or ex- 
pansion; f2 and v2 are the pressure and 
volume at another point. 

Although in practice pure adiabatic 
compression is impossible—nor is it de- 


sired—the actual compression approxi- 
mates the adiabatic closely. We assume, 
therefore, that the two are identical; in 
ms 5 case any slight error is on the safe 
side, 

In stage compression the same assump- 
tion holds, but to reduce the work done 
on the air and increase the efficiency of 
the compressor the air is cooled between 
stages by means of an intercooler. 

Fig. 1 shows an ideal indicator card, 
EG represents the vacuum and CH the 
atmospheric lines. Beginning at H, we 
find that air is sucked into the cylinder 
to C and at atmospheric pressure f1; at 
C compression begins—this compression 
is adiabatic and continues to A, a point 
where the exhaust valves open; along AF 
and at the pressure p2 air is transferred 
from the compressor cylinder to a re- 
ceiver or intercooler, as the case may be. 
At F the admission valves open, the press- 
ure in the cylinder falls to p: and a fresh 
charge of air is taken into the cylinder. 
Thus the cycle is represented by the figure 
HCAF. This area is equivalent to the 
work done in compressing and transfer- 
ing a cylinderful of air. 


Work done = ACEGF — HCEG 
or work done = ADEC + AFGD — 
HCEG 
But AFGD = pf: v2 
and HCEG = fr w% 
*. work done = ADEC + pz v2 — fr « ) 
I 


It remains now to show what the value 
of the area ADEC is in terms of fi, %, 
pe and 7. 

From Calculus we know that: 


ADEC ke Eel Gti Par (2) 


in which p represents any pressure from 
C to A, and dv any increment in volume 
along ED. 
The law governing adiabatic compres- 
sion is: 
SM tii. thoy scam up han (3) 


in which the index mn is equal to 1.41. 
Re-writing (3) we get: 


poe ET itemieiaowiceshbaemiaa (4) 


un 
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In compressing air from C to A, the 
volume changes from 7: to v2, and there- 


fore: 


Vy 
ADEC =/ "a Se (5) 
wm 
Ve 
Vy 
=f, t c dv 


=p; vf vu" dv 


7 
< 


2 


yn +1 
hy uv,” — 
Sa 8 v 
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Reducing this expression to a common 
denominator, simplifying the numerator, 
reducing and remembering that pi wu = 


pe Ve, 


we get: 


Work done = —” — (2% —/1 7%) 
n—I 


Substituting for m its value 1.41, the 


following is deduced: 
Work done = 3.45 (P2V%2—f, 71) 


rd n 
Sut Po =?1%" 


Vo n 


Work done = 3.45(23 v, 


n 
Uo 


=3.450. 01 (7 





7 


Ap 








Pr 
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=p, O07, FT! —9, +1) (—n+1) 
—_— ran v," vi" a *) 
nt-I 
Multiply by (v,!—”) ~(v 
v,'- 
(re n 
4 
os A; ”1/ ye 


N—I v_*- 1 


“ie 
=) 
aa r) 


Substituting this result in equation (1) 


ADEC =71% 


2a—tI 


we have: 


v.(U,"—1 
Work done—?1 aw a( 1 
n—tI 


—_ 1) +h» Ve—P1 74 


1 
- +ho%2— P17 





—drx—- DD 


Fe. 1 


TS 


£.F.S 


From equation (3) we have: 


=f 
n—1 


Uv 


~ 


\- 


> 


Or | 


z 


“) 


Substituting the result just found in the 


above equation, we have: 


Work done = 3.45 2; 7; L (2) , a | 


And this expression, when reduced by 


using the value of n, becomes: 


Work done = 3.45 p, 2, [ (3) ae | 6) 


1 











This equation expresses the amount of 
é work done in foot pounds to compress 
and deliver one cubic foot of free air, 
adiabatically, from a pressure pf: to an- 
other pressure pz. 

By dividing by vw the expression will 
represent the mean effective pressure 
1e (M. E. P.) per stroke, or, 


M, E. P. = 3 45 sl (52) 4]. 


1 
and therefore 


uw p= 5. ME. P. 
33000 


= .00436 M. E. P........ 202... (8) 
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bp: = 14.75 pounds per square inch 

pb: = 14.75 + 90 = 104.75 pounds per 
square inch 

M. E. P. = 3.45 X 14.75 (1.76 — 1) = 
38.68 


or H. - = .00436 X M. E. P. = 0.169 per 
cubic foot of free air in single stage 
compression. 





It was proved by F. A. Halsey that in 
proportioning compound compressor cyl- 
inders, best results are obtained by divid- 
ing the work equally between the cylin- 
ders, or by proportioning them so that 
maximum saving in power is effected 


[< | ® R 











amperes 











Cc 


Ht mosph evcec Lene 


2); 





Yaecuzzr Lire 
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in which the pressures are reduced to 
pounds per square inch. 
Example I. 

Required the horse-power necessary to 
compress one cubic foot of free air adia- 
batically to 90 pounds per square inch 
gauge pressure in a single-stage. 


M. E. P. = 3-45 6,| (42) —1| es (7) 


by 


(6) 








the : Fi 2g. 


pe 


(American Machinist, March 31, 1898). 
Letting 


fs—R 
Ai 
Lr ms 
Pi 
Ps 
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Mr. Halsey found that for best propor- 
tioning 


7,=7,=YR ab ak tess tween eae es (9) 
Now Poy bs_y, %7,=R 
1 Pe 
‘cull 
ee 


If Wi, p. = work in low pressure cylinder 
Wi, p. = work in high pressure cylinder 


then from (6) 
Wi. p. = 3-45 Ps M1 (71"%—1)........ (10) 
Wa. p. = 3-45 Pe Ue (72°%—1)......4. (11) 


The total work done by the compressor 
is equal to the sum of the work done in 
the low pressure and that done in the 
high pressure cylinder, or, 

(Wi. P- + Wi p- ) 
Wi. p. + Wa. p. = 3-45 21 2 (71°"—1) 
1-345 Po Vq (7 g°— 1)... cece cee (12 
21%; =h2 Ve 
= 3-45 Py Vy (71° %—1-+-7,°%—1) 
0.29 10.20. 
= 3-45 7,7,(R * +R **—2) 
= 3-45 py, (2 R°-—2) 
= 6.90 J, 7, (R®°-5—1).........05. (13) 


The equation expresses the amount of 
work done in foot pounds to compress 
and deliver one cubic foot of free air, 
adiabatically, from a pressure p: to another 
pressure ps in two stages. 

Dividing (13) by v: we get the M. E. P. 
reduced to the low pressure cylinder. 


M. E. P. =6.90 f, (R°-M5—1)......... (14) 


H. P.=_44 M. E. P.= .00436 M. E. P.(15) 
330C0 


in which the pressures are expressed in 
pounds per square inch. 


Example II. 

Required the horse-power necessary to 
compress one cubic foot of free air adia- 
batically to 90 pounds per square inch 
gauge pressure in two-stage compression. 

Fig. 2 shows the ideal combined cards 
from a compound compressor. 

As stated above, after compressing the 
air adiabatically from C to A the heat 
due to the compression is removed by 
passing the air through an intercooler. 
The temperature falls to that of the free 
air and the volume decreases from A to 
K. K is the point where the isothermal 
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line cuts the line representing the receiver 
pressure. 


In equation (13) R= Ps 
pi 
ps = 14.75 pounds per square inch. 
bs= 14.75 + 90 = 104.75 pounds per 
square inch. 

M. E. P. = 6.90 & 14.75 [(7-12)°#—1] 

= 6.90 X 14.75 [1.329 — 1] = 33.48 

or H. P. = .00436 X M. E. P. = 0.145 per 

cubic foot of free air in two-stage 
compression. 

In general, therefore, horse-power, 
whether single- or two-stage, is expressed 
by 

H. P. = .00436 M. E. P. 


For single-stage compression : 
0.29 
M. E. P.= 3.45 2,| ( “*) -1| 
Pi ; 


For two-stage compression : 


M. E. P.=6.90 7, [ (4 pe -] 


1 

These three equations will be found 
adequate for general compressor opera- 
tions and are, as here given, in the sim- 
plest possible forms. 

At times, however, circumstances are 
such that triple or quadruple compres- 
sion is necessary, and for such cases the 
formulae given below are to be employed. 

For three-stage compression: 


M. E. P.= 10.35 p; [(ey" a ] 


For four-stage compression : 


M. E. P. = 13.809, ($2) —1| 


For five-stage compression : 


M. E. P. = 17.25 A, (52) "| 


1 


In general: 
0.29 


M. E. P. = 3.45 Na,| (3) ' —| 


in which N represents the number of 
stages in which the compression is to be 
accomplished, p: the intake absolute press- 
ure and ps the terminal absolute pressure. 

Occasions frequently arise when it is 
of importance to be able to determine 
with dispatch the horse-powers needed to 
compress air, having given the terminal 
pressure. 
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In the formulae given the only quantity 
necessary is the terminal absolute press- 
as single-stage compression: 

H. P. = 0.10163 ( 7-9 — 2,183) 

For two-stage compression: 

H. P. = 0.30043 (f° — 1.477) 

For three-stage compression : 

H. P. = 0.51319 (f°-7 — 1.297) 

For four-stage compression: 

H. P. = 0.72983 (f° 0725 — 1.216) 


Horse-PowER AND MEAN EFFECTIVE PRESSURE DEVELOPED 
Cusic Foor or FREE AIR FRoM ATMOSPHERIC PRESSURE TO VARIOUS 


PRESSURES. 
CooLtinc Not CONSIDERED, 
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H. P. = Horse-power per cubic foot of 
free air at sea level. 


p = terminal gauge pressure in pounds 
per square inch + 14.75. 
0.2218695N 
— 0.29 


In general: 
0.99 pal 
= —470)* | 
(14.75) 


These expressions are applicable to sea 
level conditions only. 


IN COMPRESSING ONE 
GAUGE 


INITIAL TEMPERATURE OF AIR IN EACH CYLINDER 60° F. JACKET 


| 
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If the horse-powers for altitude con- 
ditions are required substitute in the above 
general formulae the proper altitude at- 
mospheric pressure in place of 14.75. 
Below are found formulae giving direct- 
ly the horse-powers, for altitude condi- 
tions, for both theoretical and practical 
conditions. The only datum needed is the 
elevation in feet. 
Let E = elevation in feet 
HPy = theoretical horse-power 
H Py = horse-power including 15 per 
cent. friction 
SINGLE STAGE. 
For 60-pound Gauge Pressure. 
HPr = 0 1333 — 0.0000019E 
HP» = 0.1533 — 0.00000215 E 
For 80-pound Gauge Pressure. 
HPy =0.1586 — 0.0000024E 
HP; = 0.1824 -~0.00000275 E 
For 100-pound Gauge Pressure. 
HP = 0.1804 — 0.0009029E 
HPy = 0.2075 — 0.00000325E 
Two STAGES. 
For 60-pound Gauge Pressure. 
HP = 0.1177 — 0.0000019E 
HPy = 0.1354 —0.0000022E 
For 80-pound Gauge Pressure. 
HP; = 0.1374 — 0.0000024E 
HP; = 0.1580 — 0.09000275 E 
For 100-pound Gauge Pressure. 
HP; = 0 1535 — 0.0000028D 
HPy = 0 1765 — 0.0000032E 
For 125-pound Gauge Pressure. 
HPy = 0.1708 — 0 00000325 E 
HP; = 0.1964 — 0.0000037E 
For 150-pound Gauge Pressure. 
HP; = 0.1859 — 0.00000 36E 
HP» = 0.2138 — 0.0600042E 
The preceding formulae were employed 
in securing the data, represented in graph- 
ical form, in Fig. 3 to Fig. 7, inclusive. 
Fig. 3 gives the mean effective press- 
ures and horse-powers for single-stage 
operations in adiabatical compressing 
and in delivering one cubic foot of free 


air from atmospheric pressure to various 
gauge pressures. In these calculations 


COMPRESSED AIR. 


it was assumed that the temperature of 
the intake air was 60 degrees Fahrenheit, 
which is the normal condition. Curve A 
given the theoretical horse-power neces- 
sary without considering fractional losses. 
In curve B, however, we find an allowance 
made for friction. The extra horse-power 
necessary when considering the work con- 
sumed by the movement of the piston, 
crosshead and crank-pins, etc., is less than 
15 per cent., but we allow 15 per cent. to 
be on the safe side. Curves C and D 
represent the M. E. P. for theoretical and 
for frictional conditions, respectively. 

Fig. 4 represents also the horse-powers 
and M. E. P.s for both theoretical and 
actual conditions. It is, however, devoted 
to two-stage compression and the initial 
temperature of the air, as it enters both 
the low pressure and high pressure cyl- 
inders, is taken as 60 degrees Fahrenheit. 

Fig. 5 shows the per cent. of work 
saved in compressing air from atmos- 
pheric pressure to various gauge pressures 
by two-stage over simple compression. 
The values are found as follows: 

Let a = work done in compressing in one 

stage to pressure p. 

Let b = work done in compressing in 

two stages to pressure p. 

P.r cent. of power saved = (a-b) + a. 

Suppose, for example, that the per cent. 
of power saving is wanted when compres- 
sing to 100 pounds gauge. For 100 pounds 
we get from Fig. 3 0.207 horse-power, 
and from Fig. 4 we get 0.176 horse- 
power. Then (0.207 — 0.176) + 0.207 
= 15 per cent. 

Fig. 6 gives the horse-powers necessary 
to compress one cubic foot of free air 
adiabatically at different altitudes from 
atmospheric pressure to various gauge 
pressures (60 pounds, 80 pounds and 100 
pounds) in simple compression. Curves 
A, B and C include frictional losses and 
A’, B* and C’ are theoretical simply. 

Fig. 7 is identical with Fig. 6, except 
that it is devoted to compound compres- 
sion. The various terminal pressures are 
60 pounds, 80 pounds, 100 pounds, 125 
pounds and 150 pounds per square inch 
gauge. 

The usefulness of the above formulae 
must now be apparent. 

In addition to the foregoing solutions 
of the formulae expressing adiabatic con- 
ditions, it might also be of interest, as a 
basis of comparison, to know what forms 
the equations assume when compression 
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The isothermal 


isothermal. 
compression or expansion is the ideal. It 
is, of course, impossible, but the actual 
state is somewhere between the isothermal 
and adiabatic and usually close to the 
latter. 


is purely 


As we have to deal usually with work 
done in compression and _ transference, 
minus the work done by the atmosphere, 
the area or work is represented by the 
indicator card Fig. 8 and is expressed by: 


Work done=CA'FHC=ECA!D!~— ECB'D! 


COMPRESSED AIR. 


Then: 
ECA'D! = 4,7, loge (3?) Biescues (20) 
z 
=p,7, X 2.3 log 2 <v'e's 0 ty 
Now: ; 
Py OCR et i Fae (22 
pV, = A'FGD'S* 


and since pi v1 = pz V2 we have: 
CHGE = A!FGD! 

or 
CHGE — B'HGD! = 

















+ (A'FGD'!—B'HGD)) ........... (16) A'FGD! — B'HGD! 
‘ , EC BND) = ASP EIB ou. i accscd cccpie (23) 
For isothermal compression: ee Seretae 
Substituting in (16) 
PERM eG ES «2x08 (17) Work done = CA'FHC = ECA'D! — 
P=P1Y% ECB'D! + A'FHB!....... .... (24) 
a Work done = CA'FHC = ECA!D! ,... (25) 
fa v2 1, 
ae Fr 
| 
Aut ~! 
a NY |B? \Af 
| 
L_ i lla cw wr | 
z= ———— ae G 
2210 2.F-8, 
la Z Gg: 3 
From Calculus: and equating with (21) 
BE FO i inne bs cseses (18) p 
- <6 aor 6 
_ ft a Work done = 2.3 2, v, log (3?) (26) 
Uv 
Vy Therefore, in isothermal compression 
sein dv the net work of compression and trans- 
aa ference is equal to the total work of com- 
Vs pression. 
= 7,7, log, (2) ae (19) In isothermal compression the horse- 
Ve power necessary per cubic foot of free 


In which e is the base of the Naperian 
system of logarithms. 
From (17) 


air will be the same if we employ one, 
two, three or more stages in which to do 
the work. 


Divide (26) by uw and the expression 
will represent the M. E. P. per stroke or 
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M. E. P. = 2.3 p, log (3) edith (27) 
1 
H.P.= "4 uw gp. 
33000 
BO AIGESO ON. Bos Boiss. sss sig (28) 


in which the pressures are reduced to 
pounds per square inch. 


COMPRESSED AIR. 


_It is now my purpose to show that when 
air cylinders are proportioned according 
to the law 


7, =%g=r,=etc.=r2a=Y/R 


the best conditions are possible and maxi- 
mum saving in horse-power is the result. 
(Fig. 9.) 
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Example III. 


Required the horse-power necessary to 
compress isothermally one cubic foot of 
free air to 90 pounds per square inch 


gauge pressure. 
-; = 14.75 pounds per square inch. 
Peo = 14-75 + 90 pounds per square inch. 
M. E. P. = 2.3 X14 .75 X log (= 


H. P. = 0.c0436 M. E. P. = 0.1259 per 
cubic foot of free air. 





Letting : 

fatt_p 
Ai 

Pe = 

Pi 

ps =f 

Pe ‘ 

putt 
Pn 


ry 


= Va 


Assuming: 
ee 
7,7, —elC.=—fa= | R 
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a A We have: 
‘ po f........ rt Mt! =r 
te Dp, De Pn Pi 
xi- FF ee Oe m=R 
t 
v ’r.—= R 
y a 
eae 
7 n—1 


é From equation (12) 
Wrotat = 3-45 211 (719-29 —1)-b 3-45 22 Ve 
(7799-29 —£) + etc + 3.45 Dn Un (7% — 1) 
But £, V;= ps Veg —CtC = pain 
be Woeotal =3-45 271 V4 [(77,9-?® —1) ++ (7,°-* —1) 
+ etc + (rn°% — 1)] 
=3-45 2, 7,[71" + 7,9 + etc 
+ 79% — 2] 
=3-45 p1 O1[(4#—1) 71°” + RO 


7 — @1)0.99__ 9] 


=3-45 P, V7; [(#—1) 7,°- + R29 


7 ,0-29-0.29 __ 7p] 


— 
«: Wiest ee on Hf 
Spar eal i 


dW 


7 = (w%—1) 0.297,—°-7! +. (0.29 — 0.29 m) 
ary, 


R?-29 7, —0.11—0.20 » — 

=(0.29 2 — 0.29) r,—-— (0.29 #— 0.29) 
R0-29 7, 0.110.299 9— © 

Divide by (0.29 m—0.29) 7,—0-7! 

1 — Ro. 70-208 =o 
Re. 7 0-300 =I 


I 


r, 70.290 — 7 
: R0.29 


7 0.29 — R—0.29 


it 

"n= /R 
li We = —0.717,71-7—. (— 0.71 — 0.29 2) 
dr? 





R0.9 7, 1.710.291 


= —0.717,—1-71 + (0.71 + 0.20 7) 


0.29” —1.71—0.29 n 
v1 
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ve 
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vy 
=—0.717,—1-"4(0.71 40.292) 7,—1-71 
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It is evident that the expression will 
always be positive. The differential is of 
an even order and positive showing. 

rn=VR 
corresponds to a minimum. 
In other words, when: 
14 =%—g =a — etc =F, =VYR 
the work is equally divided between the 


cylinders and the maximum saving in 
power is effected. 





RECAPITULATION. 


~i = absolute intake pressure in pounds per 
square inch. 


ft = absolute discharge pressure in pounds 
per square inch. 


N = number of stages in which compression 
is to be accomplished. 


M. E. P.y = theoretical mean _ effective 
pressure. 


H. P.y = theoretical horse-power. 


H. P.» = horse-power including 15 per cent. 
friction. 


E = altitude in feet. 





For Isothermal or Adiabatic Compression. 
Horse-Power = 0.00436 M. E. P.7 





Isothermal Compression for any number 
of stages. 


M. E. Por = 2.3 £; log (= ) Bias cae (B) 





Adiabatic Compression. 
For ONE stage 


M. E. Pr = 3.45 pi [)°-]-. ..(C) 


For two stages 


M. E. Poy = 6.90 fi Lé c: a m 


For THREE stages 

M.E. P.¢ = 10.35 fi [ (ey —| vo 
For FouR stages 

M. E. Per = 13.80f; LZ ." a r] ...(E) 


For FIVE stages 
M. E. P.p = 17.25 fi (4) —]. +» 


.(D) 
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In general: 


M. E. P.y = 3.45 Np, | (&) F 4] _.(H) 





Adiabatic Compression for Sea Level 
Conditions. 


For oNE stage 

H. P.7 = 0.10163 (f; %99— 2.183) .......(I) 
For two stages 

H. P.7 = 0.30043 (pf; %M* —1.477)...... (J) 
For THREE stages 

H. P.7 = 0.51319 (f, °-0% — 1.297)......(K) 
For Four stages 

H. P.7 = 0.72983 (f, 0725 — 1.216)...... (L) 


In general: 


0,2218695 N[ 0.29 0,29 
H.P.r= 0.99 E N — (14.75) % | .(M) 
(14.75) 








Adiabatic Compression for Altitude Con- 
ditions, 


SINGLE STAGE. 
For 60-pound Gauge Pressure. 
H. P.7 = 0.1333 — O.00000IgE ... ..... (N) 
H. P.p = 0.1533 — 0.0coo002I5E.... .... 


For 80-pound Gauge Pressure. 


H. P.7 = 0.1586 — 0.0000024E.......... (P) 
H., P.- = 0.1824 —0.00000275E........ (Q) 
For 100-pound Gauge Pressure. 
H. P.7 = 0.1804 — 0.0000029E......... (R) 
H. P.p = 0.2075 —0.co000325E......... (S) 
Two STAGEs. 
For 60-pound Gauge Pressure. 
H. P.y = 0.1177 — 0.00C0038F. ......... (T) 
H. P.p = 0.1354 —0.0000022E ........ (U) 
For 80-pound Gauge Pressure. 
H. P.7¢ = 0.1374 —0.0000024E..........(V) 
H. P.» = 0.1580— 0.000c0275E........(W) 
For 100-pound Gauge Pressure. 
H. P.y = 0.1535 —0.0000028E......... (X) 
H. P.p = 0.1765 — 0.0000032E......... (Y) 
For 125-pound Gauge Pressure. 
P.7~ = 0.1708 — 0.00000325E....... (AA) 


mm 


4eereeees 
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For 150-pound Gauge Pressure. 
H. P.7 =0.1859 —0.c000036E........ (CC) 
H. P.- = 0.2138 -- 0.0000042F........ (DD) 





Stage Compression. 
Condition for best proportion 
%, =%o=173 =7N =VR 





Compound Air Compression. 





BY L. I. WIGHTMAN, E. E. 





It is well known that the heating of 
air produces an increase in its volume, 
whatever the source of the heat. The 
heat produced in a cylinder by com- 
pression acts to expand the air in that 
cylinder, whatever the speed or rate of 
compression. In effect this is equivalent 
to an increase in the volume of air to be 
compressed and delivered. This in turn 
calls for an increase in the power, to 
compress this apparently added volume 
of air; or, to put it differently, the heat 
of compression, in increasing the volume 
of air, makes it necessary to carry the air 
to a higher mean effective pressure in the 
cylinder, in order to secure finally the 
required volume of air at the required 
pressure after its temperature has fallen 
to that of the surrounding atmosphere, 
requiring, therefore, an excess of power. 
A consideration of these facts suggests 
that if some means be provided for re- 
moving the heat of compression as fast 
as it is produced, -there will be an im- 
portant reduction in the power required to 
raise a given weight or volume of air to 
a given pressure. 

When air is compressed in a cylinder 
without the removal or escape of any of 
the heat produced, the compression is 
known as “ adiabatic.” When compression 
is carried on in such a way that heat is 
removed as fast as produced, the com- 
pression is “isothermal.” In the first 
case the air delivered under pressure will 
be at the high terminal temperature cor- 
responding to that pressure. In the 
second, the compressed air will have the 
same temperature at which it entered the 
cylinder. Adiabatic compression is the 
kind which all pneumatic engineers seek 
to avoid, while isothermal compression is 
the impossible ideal. The actual results 
secured in the best compressors are in- 
termediate between these, but nearer to 
the adiabatic. 
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SPEED — 88 R.PM. 
VOL. EFF. = .87 
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: i¢ 87? 
fi 100 
0.0 LBS. ABS. 
2270 
; 
PIG. 4, INDICATOR CARD FROM SINGLE-STAGE COMPRESSOR. 
H.P CYL. 
ME.P = 15.71 
ATMOS. 
SPEED = 100 R.PM. ATMOS. 
VOL.EFF. = 96. 
H 
H 
ATMOS. - /4.? LBS ABS. de ' 
a i ie sie ok. a} ek) Bene 
144 LBS ABS! k#— +96 a E- 
ft 400 ,! 
00LBS. ABS. 
2271 
FIG. 2. INDICATOR CARD FROM TWO-STAGE COMPRESSOR 6-A. 
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Other things being equal, the economy 
of an air compressor depends on the pro- 
portion of the heat of compression which 
is removed as developed. Compressor 
efficiency, therefore, may be said to de- 
pend upon the effectiveness of the cooling 
devices adopted, provided what is gained 
here is not elsewhere wasted in whole 
or part. After long experience, bitter 
alike to makers and users, modern prac- 
tice in compressor design recognizes only 
two practical methods of removing the 
heat of compression; jacket cooling and 
intercooling. These will be considered in 
order. 

Jacket Cooling—A brief consideration 
of the conditions will show that jacketed 
barrel cooling alone can be only a partial 
and very unsatisfactory solution of the 
problem of removing the heat developed 
by compression. With the piston at the 
beginning of its stroke, the maximum cold 
cylinder ‘surface is exposed and the cylin- 
der is filled with air at its lowest pressure 
and temperature. As the piston advances, 
pressure and temperature increase, while 
the effective area of cooling surface 
diminishes ; and when the maximum press- 
ure and temperature are attained near 
the end of the stroke, practically none of 
the cylinder wall is exposed except on the 
intake side of the piston; if the head is 
jacketed, it alone exerts any cooling in- 
fluence. Furthermore, throughout the 
stroke only the outside layer of the air 
can be in contact with the cold surface 
and, air being a poor conductor of heat, 
none of the heat from the interior of the 
air volume is dissipated in the cooling 
water. 

Cylinder jacketing is advisable and 
even essential for keeping the metal of 
the working parts at a low temperature, 
preventing the caking of lubricant upon 
the cylinder walls, and other evils of a 
hot machine. But it cannot of itself be 
considered as an adequate solution of the 
problem of cooling during compression. 
However, in constructions involving the 
use of a piston inlet tube and valve, not 
only the barrels, but the heads and dis- 
charge valves are chillled; and the piston 
and tube themselves are kept relatively 
cold. The air enters through a cold pas- 
sage, is in contact on all sides with cold 
metal, and the maximum effects obtain- 
able from jacketing alone are secured. 

Intercooling.—If, at each of several 
points in the stroke the piston should be 
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stopped for a moment and the air, already 
partially compressed and heated, be with- 
drawn long enough to be cooled by some 
external means to its initial temperature 
and then returned to the cylinder to be 
further compressed, it is evident that a 
fairly uniform temperature could be main- 
tained in the air volume throughout the 
range of pressures from initial to ter- 
minal. The result would be in effect 
nearly that of isothermal compression. 
Evidently mechanical considerations for- 
bid in practice such repeated starting and 
stopping of the piston; but the same re- 
sults may be secured by carrying on the 
process of compression in several cylin- 
ders, in the first of which a certain low 
pressure is reached and the air at this 
pressure discharged through a cooling de- 


H.P.CYL. 











MER - 47.2 
ATMOS. 
SPEED~ 108 R.PM. 
L.P CYL. 
MER = 15.7 
\ ATMOS. 








2274 aad 


VOL.EFF.- 93.8 


FIG, 3. CARDS FROM COMPRESSOR Q-A. 


vice to a second cylinder; there iteis com- 
pressed to a still higher pressure and is 
discharged through another cooler to a 
third cylinder for further compression; 
and so on, until the required terminal 
pressure is secured. Such a process, de- 
veloped to a practical working basis, is 
the method of compression in multi-stage 
cylinders which has become practically 
standard in air-compressor work for the 
higher pressures. 

Multi-Stage Compression.—Theoretical- 
ly, there is a gain in compound compres- 
sion, whatever the pressure. But with low 
pressures the saving is so small as to be 
offset by the greater expense and compli- 
cation involved in several cylinders and 
the losses unavoidable in the operation of 
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added parts. After extended experience, 
makers of air compressors have fixed 
upon 70 pounds gauge pressure as the 
maximum terminal pressure which can 
be most economically obtained in a single 
cylinder; and for pressures from 75 
pounds up, they have adopted compound 
compression in two, three and four stages, 
the number of ‘stages increasing with the 
pressure. At. high altitudes, however, 
with large volumes and expensive fuel, 
this dividing line may come at a lower 
pressure. It is elastic and depends some- 
what on the conditions. 





ATMOS. 





SPEED= 76R.PRM 


L.A CYL. 





M.E.PR. = 18.35 
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, te 89.3 ie 

100 > 
"92978 me 
FIG. 4. CARDS FROM COMPRESSOR I-B. 


In a compound air compressor, cor- 
rectly designed, the cylinder ratios are 
such that the final temperature and total 
mean effective pressure are respectively 
the same in all cylinders, and all pistons 
are, therefore, equally loaded. The air 
compressed in the first cylinder to a 
pressure determined by the cylinder 
ratios is discharged through the outlet 
valves to an intercooler, where it is split 


up into thin streams passing over cold- 


surfaces. The best practice provides a 
nest of tubes through which cold water 
circulates, and over and between which 
the stream: of air passes, complete break- 
ing-up and subdivision of the stream being 
secured by baffle plates and the tubes 
themselves. A properly designed inter- 
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ATMOS. 


VOL.EFF.-89./ 
MEAN SUCTION PRESS.~.695 ATMOS 
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cooler having ‘sufficient cooling area for 
the volume of air may reduce the tem- 
perature of the air compressed in the first 
cylinder to at least outgoing water tem- 
perature. [rom the intercooler this air, 
entering the second cylinder cold, is com- 
pressed to a higher pressure and again 
reaches a temperature nearly the same as 
that attained in the first cylinder. In two- 
stage machines this air will be discharged 
directly to the receiver without further 
cooling unless conditions are such as to 
render advisable the use of an aftercooler. 
In three-stage machines the second cylin- 
der is known as the intermediate, from 
which the air passes to the second inter- 
cooler to undergo a second reduction of 
temperature, and thence enter the third 
cylinder for final compression to required 
pressure. 

_It is evident that multi-stage compres- 
sion is in effect identical with the the- 
oretical process suggested above, in which 
the compressing piston was stopped and 
the air cooled at intervals dufting the 
stroke. The maximum cooling effect, and 
therefore saving, is secured by making the 
intercoolers of ample proportions and pro- 
viding for the splitting up of the air 
stream into thin ‘sheets exposed to cool- 
ing action. 

The discussion thus far has dealt with 
the theory of compound air compression, 
the conditions encountered, and the means 
adopted in the best practice for meeting 
these conditions. General statements of 
the gains secured by compounding have 
been made. It remains to discuss in 
detail some of the more important and 
specific advantages arising from stage 
compression. 

Reduced Power.—The accompanying 
table (1) gives the theoretical percentage 
of work lost in the heat of compression 
in one, two and four stages, at various 
pressures. In these figures no account is 
taken of jacket cooling, for the reasons 
already stated; nor is any allowance made 
for certain inevitable mechanical losses. 

Taking a specific example, the saving by 
compounding strikingly appears. Assume 
that compressed air is to be delivered at 
a pressure of 100 pounds, and a rate 
equivalent to 100 final effective horse- 
power. Referring to the table, in the 
second: column the theoretical percentage 
of lost work in one-stage compression is 
given at 38 per cent.; but, because there 
is bound to be some radiation of heat, 
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this value will not be found in practice 
and 30 per cent. may be assumed as a 
good practical value for the loss under 
average conditions. On this basis it is 
found, in the present case, that to deliver 
100 horse-power in compressed air at 
roo pounds pressure by one-stage com- 
pression, the compressor will require 130 
indicated horse-power, ignoring mechani- 
cal losses. Looking now at column 4 of 
the table, the percentage of loss in two- 
stage compression at this pressure is 
found to be 17.1 per cent., which is very 
close to the value which will be found 
in practice. Applying this value, it is 
evident that to deliver the equivalent of 
100 effective horse-power in air at I00 
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and of the air through additional sets of 
ports, valves, coolers, etc. More es- 
pecially is this true when the machine 
belongs to that class of machines termed 
“compound” by courtesy, attractive in 
price through frugal designing, in which 
small coolers, insufficient valve area, the 
use of a hot discharge port for the air 
intake, small ports, etc., are all antag- 
onistic to economy. 

Authentic and repeated tests show that 
such machines may actually require 10 to 
I5 per cent. more power per cubic foot 
of air really delivered than some well de- 
signed simple single-cylinder types. No 
more cylinders are required for the com- 
pound than for the simple machine, in 
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pounds pressure by two-stage compres- 
sion, about 117 indicated horse-power will 
be required. In this case, as between 
single and two-stage compression, we 
have a direct saving in favor of the latter 
of 13 indicated horse-power or I0 per 
cent. Considering the compression of the 
same volume to the same pressure in four 
stages, the percentage of loss is seen to 
be 8 per cent. from column 6, implying 
an applied power of 108 indicated horse- 
power. In this case the saving, as com- 
pared to single-stage compression, is 24 
horse-power, or 18% per cent. From 
these gains something must be allowed 
for the friction of extra mechanical parts 
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duplex constructions. Yet here, too, the 
economy expected is only realized from 
high-class designs, generously propor- 
tioned, and fitted with large coolers and 
the other essential refinements of good 
practice. 

Reduced Strains—When compression 
is carried on in a single cylinder, the 
difference between the pressures at the 
beginning and at the end of the stroke 
is the total difference between initial and 
terminal pressures, entailing a great varia- 
tion in strains on the driving mechanism 
and the ‘structure of the machine. The 
greatest strains come near the end of the 
stroke and are almost instantly relieved 
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when the inlet valves open. Thus the 
terminal strain on a 20-inch cylinder hav- 
ing 314 square inches area, at 100 pounds 
pressure will be 31,400 pounds, or nearly 
16 tons. At 100 revolutions this strain 
is repeated 200 times per minute and 
demands a very rugged construction. This 
is a condition not conducive to easy 
operation in any but the most massively 
proportioned compressors. 

In compound compression, on the other 
hand, the difference between initial and 
terminal pressures in each cylinder is but 
a fraction of the total range of pressure. 
The pressures, furthermore, are partially 
balanced in the several cylinders. The 
working strains on valves and other parts 
are consequently greatly diminished, re- 
sulting in a greatly reduced wear and lia- 
bility to breakage, and securing free lu- 
brication and a noticeable improvement in 
the way of smooth, easy operation of the 
machine. These are all facts which con- 
tribute to continuous and satisfactory ser- 
vice, with the least possible adjustment 
and attention. As a matter of fact, com- 
pounding the air cylinders transfers so 
much of the load from the later to the 
earlier part of the stroke that the maxi- 
mum terminal strain on bearings is re- 
duced fully 45 per cent. over that in 
single-stage compression; in the above 
case, the reduction would be from 3,140 
“ton-minutes ” to 1,727—obviously a much 
easier proposition mechanically. Misled 
by this point, it has been common to re- 
duce the weight and size of bearings ac- 
cordingly—a mistake which will be evi- 
dent when it is remembered that the stop- 
page of circulating water in the cooler at 
once raises the load on the low-pressure 
piston; while a broken or damaged outlet 
valve on the high-pressure cylinder may 
at any moment throw the same load on ail 
parts as in a single-cylinder machine. 

Improved Steam Economy.—The more 
equable distribution of the load through- 
out the stroke in compound compression, 
just noted, also aids in securing a higher 
economy in steam consumption at the 
lower end of a “ straight-line” machine; 
for it makes possible an earlier cut-off in 
the steam cylinders and a consequently 
greater steam expansion with its attendant 
saving, late cut-offs not being so neces- 
sary to prevent “dead-centering.” Multi- 
stage compression with effective inter- 
coolers between stages also permits a 
higher piston speed, in itself a factor in 
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steam economy in reducing the leakages 
and condensation in the steam end. 
Higher Volumetric Efficiency—The air 
remaining in the clearance space at the 
end of the stroke must be expanded on 
the return stroke to atmospheric pressure 
before free air can enter through the inlet 
valves. Evidently the higher the pressure 
in the clearance space, the greater will 
be the expanded volume, and the lower 
will be the intake efficiency of the cylin- 
der. In single-stage compression the clear- 
ance pressure is the working pressure; 
in compound compression the clearance 
pressure in each cylinder is the terminal 
pressure in that cylinder. But this ter- 
minal pressure in the intake cylinder is low 
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—usually not over 25 pounds per square 
inch when the final working pressure is 
100 pounds. The volumetric efficiency of 
compound-compression cylinders is higher 
for this reason, the clearance in the low- 
pressure cylinder only being in question. 

Another element conducive to high vol- 
umetric efficiency in compound compres- 
sion is the fact that the terminal press- 
ures, and consequently the terminal tem- 
peratures, are lower than in single-stage 
cylinders. The cylinder walls and, more 
particularly, the heads, together with the 
valves and ports which may be in them, 
are therefore kept much cooler and the 
entering air is not heated so much by 
contact with these parts. A third element 
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entering into the question of efficiency is 
the reduced leakage through valves and 
past piston and rods, with the incidental 
loss of power. It is evident that the 
higher the pressure the greater the liabil- 
ity to leakage; and the small range of 
pressures in multi-stage cylinders reduces 
this loss. 

Dryer Air—One of the greatest diffi- 
culties hitherto encountered in air-power 
transmission has been the freezing of the 
moisture in the air, in the pipe line or at 
the exhaust ports of the air motors. One 
of the great advantages of the sub-divi- 
sion of compression into several stages 
lies in the opportunity it affords for cool- 
ing the compressed air at intermediate 
stages to a temperature at which its mois- 
ture will be precipitated. Of course prac- 
tically all of this condensation occurs in 
the inter- and aftercoolers; and herein 
appears a necessity for a design which 
will pass the air at low velocity with full 
opportunity for cooling on the water tubes. 
The moisture in suspension is withdrawn 
through the drain pipe. It is needless to 
say that unless some provision is made 
for arresting and withdrawing the con- 
densed water from the intercooler, the 
value of the latter as an air-dryer is lost; 
for the moisture is carried over into the 
compression cylinders, producing cutting 
and leakage and working out into the 
pipe line. Aftercoolers are in some in- 
stances as important as intercoolers in 
removing moisture. 


Better Lubrication—If air be com- 
pressed in a single cylinder from atmos- 
pheric pressure and temperature of 60 
degrees Fahr. to a final pressure of 100 
pounds, the maximum temperature at- 
tained may be 484 degrees Fahr. This 
temperature is manifestly destructive to 
common lubricants, and oils of ordinary 
quality are burned into a solid, gritty, 
coke-like or gummy substance, which gives 
the very reverse of proper lubrication. 
This deposit, moreover, collecting in ports 
and valves may so obstruct and clog them 
as to cause leakage and throw an added 
load on the compressor. 


If, however, the same volume of air 
be compressed in the first cylinder to a 
pressure of 25 pounds, the highest tem- 
perature which can be reached is only 
233 degrees—a heat which will not destroy 
the lubricating qualities of good oils such 


as should be used in compressor work. + 


This air, passing through the intercooler, 


will be brought back to about the original 
temperature of 60 degrees and compre*-74, 
in a two-stage compressor, from 25 to 100 
pounds in the second cylinder. Here the 
maximum temperature attained will be 
but little, if any, in excess of that in the 
first cylinder, since the heat of compres- 
sion is a function of the number of com- 
pressions, and is almost wholly independ- 
ent of the initial pressure. In multi- 
stage compressors, therefore the condi- 
tions of temperature are evidently most 
conducive to thorough lubrication of pis- 
ton and valves, tending toward durability 
of working parts, with long life and high 
efficiency of the machine. 
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The advantages of compound air com- 
pression have gradually forced themselves 
upon the attention of pneumatic engineers. 
Not many years ago, when pressures were 
lower, the majority of compressors were 
single-stage machines. But with the grow- 
ing tendency toward higher pressures, 
and an understanding of the needed econ- 
omies, compound compressors came into 
greater prominence; and of late much the 
larger percentage of installations have 
been machines of this ‘style. 

But it will not do to reason that any 
compound compressor is necessarily more 
economical than a high-class simple ma- 
chine, for such is not the case. On the 
contrary, only compounds of the highest 
class are advantageous from an econom- 
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ical standpoint. The gains depend not 
simply upon stage compression and effec- 
tive cooling, but also upon correct design 
throughout the machine and a consistent 
attention to every detail. Every condi- 
tion which may possibly affect the air 
from intake to discharge must be properly 
considered and provided for. Some of 
these defects which may offset compres- 
sion economy have been noted at intervals 
throughout the preceding discussion. But 
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in stages, but it is a fact that compounds 
now on the market may require more 
power per cubic foot of air compressed 
than well-designed, high-class, simple 
compressors of equivalent capacity. This 
latter ‘statement embodies so great an ap- 
parent engineering heresy as to demand 
a strong substantiation in fact. For this 
reason the following test is reported. For 
obvious reasons the names of the makers 
of the compressors in question are with- 
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them here. A weak structure and insuffi- 
cient bearings (based on a mistaken idea 
of reduced strains), with no provision 
for unexpected contingencies, resulting in 
excessive friction losses; multiplicity of 
wearing parts, absorbing a large portion 
of the power theoretically saved; heated 


and restricted air passages, inefficient 
valves, neglect of proper jacket and head 
cooling; small and _ ineffective inter- 


coolers; poor workmanship, resulting in 
leakage losses. 

Not only may the enumerated defects 
largely offset the saving by compression 


that the machines are standard types of 
American builders of established reputa- 
tion at home and abroad; the two manu- 
facturers have been distinguished by the 
terms “ Maker A” and “ Maker B.” The 
object of the tests was primarily to ascer- 
tain the comparative economies of com- 
pound compressors of average type and 
simple machines of the highest grade, 
more especially under practical conditions 
of continuous use. 

To make the tests fair and representa- 
tive, compressors in actual service were 
selected and those tested have been in 
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TABLE 2. SINGLE-STAGE AIR COMPRESSORS—“ MAKER A.” 
| | 
I i civics cantata bau vndde pau diineie ia wane oecsecknintk ncaa 14. | 2A. | 8A. | 4A. | 5A, 
Dikenatat Bir DVUNGEE AADNOR. .). veccdascsassccsacs < aodldeesntas 26 26 26 | 2 26 
Diameter steam cylinder, inches... ............ccsseccccccccecccccce 24 24 2 | 24 
NE ON occ kN ab gases yg ise oc eb celen sand iacahs <ciscedsleunsanceene 30 30 30 | 30 30 
MIRA ET MNES Waren cannes Pecal Won wees sanens croshs cewwocoumseate 88 | 80 84 | 60 80 
Mean net area—air cylinder ... . ............ Sy. Weeeeear walsese 519.8 | 519.8 | 519.8 | 519.8 | 519.8 
DAE CFU MAGE CUMMING 55 oisis:s nacresewerec sicceeecs. veeireease 1,590 | 1445 | 1.518 | 1,080 | 1,445 
EB Oil OOF Nas Be COM so cre tinice socndesciincsenenssiecsesiee cess 1,883 | 1,285 | 1,824 | 973 | 1,250 
VIMONERE DEINE Docc cieaciscnigesins Wssio%:s.08 6 ociprceiee-er'soiee 87 | 89.1 87.4 | 91 86.5 
PNT PRIN sa cin cuisines sivecsncee es 04s .os one velencesntasns 61 60 61 | 92.5 95 
PIOUOD-OWET, DIS CIM oc vis ccacnciwveececcscrsccens 201.5 185 192 | 171 223.5 
Air horee power per 100 Cu. Th. PROC BIE... gn cescicencccscccee cscs 14.51 14.4 14.5 | 17.6 17.86 
Computed horse-power per 100 cu. ft. adiabatic comp.. ............ 13.5 13.35 18.5 | 17.8 17.52 
Efficiency compared with perfect one-stage comp., %...........0s- 93 92.8 93.2 | 98.4 98.2 
Computed horse-power per 100 cu. ft. perfect two-stage comp....... 11.9 11.8 11.9 14.83 15.05 
Efficiency compared with perfect two-stage comp., %............65 82 82 82.1 | 845 84.3 
Indicator Card: .........c.e0s beew end prnkey esaien se esksesevacesic veoee| Fig. 1 | Fig. 1 | 
TABLE 3. TWO-STAGE AIR COMPRESSORS—“ MAKER A.” 
PR pevde Sos owe eweacedee) Sascnswseesauviens 4dcbvubineoees 6A. 7A, 8A. 9A. 
Diameter L: P. air Cylinder, INCHED: «...)66.ceccccccccicessvcsceccecece 20 20 15 26 
Diameter H. P. air cylinder, CHES ........ <0. ccccccccsscccccvcecees 13 13 10 16 
Diameter steam cylinder, inches.............. scsscscsvcce cosccees 18 18 14 24 
SL NEN <0 00's sins gia oalbie Winnie: oh kine s.46s ead be eee ne) bo. “en aeebe 18 18 14 24 
NI RE ahs 0b) cic 0i5 Guia penis) nis, ba: tov w eheededesoivesvcenw esse | 100 80 155 108 
ON NOG BUOR Ds, F GIT CPIGOE oo.os sis iccvescccccscccaseesionsoess | $808 308 171.53 515 
NEE TPC UGR Ea. Ts GEE CHNGOE socks ove ines vevcaceewestcacectdeces | 182.46 182.46 | 78.54 198.45 
i, Eo. OW OE INIONIG, 65.5 on 50:0 54, aivsiavinsdcesideeevssceecuees | 642 518 | 480 1,545 
ee Cen NEN BE, CONG ce hic Lines, oo0cedebsescss sabewesses | 616 495 | 9898 1,448 
RR OUON 96, co crk So scenes. ssccocesevsssaben'avenes 96 96.4 | 92.6 93.8 
eI 5 5 nis 5 cian ns slat vend ens Ween er ndseeed Geter enue 23 3 | 22 25 
ee PNET ins 's'ot wigle since Web EG eile vate, BARGE E0 sak baea. Gus 85 82 90 90 
ED OE Bi. F, DU OPO 8 oo oo sven 6 a ce cs nus oes teese sees dsy uel 44 35 28 106 
I UNCER. 0. GOPENO Soo ois. cb cose) onc cuihee'e vielen esaesoves 52.25 40.1 35.8 122.8 
Total air horse-power ........ etree cies | 96.25 75.1 63.8 228.8 
Air horse-power per 100'cu. Tt. froe alr... ...cccccccssccccccccecsecsl 15.6 15.15 16 15.82 
Computed horse-power per 100 cu. ft. two-stage comp ............. 14,22 13.92 | 14.7 14.7 
Efficiency compared with perfect two-stage comp., %............... 91.25 92 92 93 
Indicator Cards...... WES aE NaN Stow sepeNenne PEAT ACs Weseneels eee Soke | Fig. 2 | Fig. 3 
\ | | 
TABLE 4 TWO-STAGE AIR COMPRESSORS—‘ MAKER B.” 
| 
MEMENTOS 55h ie cacscar satparhee boneminc alin teins) ambatde deaninehes usb: | 1B. | 2B. 3B. 4B. 5B. 
Diamoter 1. P. air CyUmBer, MOR i on 6s oso k es vecdsweebiuncias |} 28 | 8 28 2 26 
POORER EE, Er. MAT OF MOP TENOR 65:5 0x6 ai go'sisicediese's's 6 erecegieses o's | 174% 1744 17% 1744 174% 
DMCC SICAI CYHMMGOT, INGDOG.i0.6.6<5.5oi cose occ scddieesceiastceee | 28 28 28 28 24 
PME CL. Sas neiestaleneg colar marer unset Okt. cae ciewbreataninnes | 80 30 30 30 30 
IES Pe EN oe secs nenaue soe sesata moan ede euwnind ataeees. os | 0 | SO. | [90 86 80 
BERR NOG BPOO Ts, PF. GI CVUOMOR. oso cceeccc vee, Scie, wsdcsessensds 611.9} 611.9 | 611.9 611.9 527.4 
PEORTN OS ARONA, Oe. GEC PIIMOIES 5 oc iss nscs seca cue bi cevies eneeakeees 231.9 231.9 231.9 231.9 231.2 
i ks OREM UREOOMINONNE, 5:5 6.5.4 seis ices cid pede loieed osaiels Oeapeing cae 1,618 | 1,700 | 1.915 1.830 1.465 
SO MEE ONIN OUR ONG oi os cscs a'vtnis Go's wcseeeses vssewssasoeae 440 | 1,510 | 1,480 1,580 1,240 
Volumetric efficiency, %..........cecccccves A ROSEN Ny IL cues Mipeeey 89.1 | 88.8 | 74.8 86.5 84.6 
SCAR ENN a Siceisin ccs oc as:nedeusuensabevaa ooandvueseas 31 | 28 | 50 33 34 
PUR sss acacra Ci scias on (Namesake. cewbires eke Se teeamiie 7% | 64 | 68 58 55 
PAOEEO-DOWOE 1s 2. GIDOVIINIOE «<5 5 can siseseersetpadinecwaseeas Sawa 129 130.8 | 200 | 154 151 
Se OE 0) MN UEP ene ccicscces. bhoebecetinanceeecwcce 108 95.4} 57.5 | 89.5 57.5 
en Ne MN NINN aca 00s dicieare:s 5:5 Sainte ss wcis sack Ualsad oewanierreeioan 2387 226.2 | 257.5 | 2438.5 208.5 
Air horse-power per 100 cu. ft. free air ..............cccee ee eee 16.45 15 18 15.4 16.82 
Computed horse-power per 100 cu. ft. two-stage comp ............. 13.3 12.28 127 | 11.62 11,27 
Efficiency compared with perfect two-stage comp., %......... ..... 80.9 81.8) 70.5 | | 75.5 ri 
I istcirs 255055 cea edianeeiabierenanauirbereiteless Fig. 4 Fig. 5 | Fig.6 | Fig. 7 | Fig. 8 
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operation for from two to fourteen years 
under average working conditions and 
average attendance. But the results 
showed up the compounds in such an un- 
favorable light, that it was determined to 
continue the investigation, to include com- 
pounds of the same grade of workmanship 
and the same make as the simple machine 
tested. However, no old compressors of 
this type were available, so new machines 
were tested at the builder’s shops, just 
before shipment. The conditions in all 
tests were made as nearly identical as pos- 
sible and the results show in a striking 
manner the effect of correct design and 
workmanship on compressor efficiency. 
The thing which appeals to the buyer is 
the economy of the machine he purchases 
—the saving he will secure by its use. In 
an air compressor, two distinct effi- 
ciencies are to be considered; the volu- 
metric efficiency, or ratio ©f actual to 
theoretical air capacity; and the com- 
pression efficiency, or ratio of actual 
power required to the theoretical. To 
facilitate comparison in the present case, 
the several values from the preceding re- 
port are here grouped and averaged: 


VOLUMETRIC EFFICIENCIES, 


“Maker A,” two-stage—o6, 96.4, 92.6 and 
93.8 per cent.; average, 94.7. 

“Maker A,” single-stage—87, 89.1, 87.4, OI 
and 86.5 per cent.; average, 88.2. 
“Maker B,”’ two-stage—89.1, 88.8, 74.8, 

86.5 and 84.6 per cent.; average, 84.76. 


It here appears that the high-grade two- 
stage compressors of “Maker A” suffer 
an average loss in capacity of only 5.3 per 
cent. of the theoretical; the high-grade 
single-stage machines lose on the average 
only 11.8 per cent. of the theoretical ca- 
pacity; while the ordinary two-stage com- 
pressors of “ Maker B” lose an average 
of 15.24 per cent. of their theoretical air 
displacement. High-grade workmanship 
and correct design, therefore, effect in 
these instances an average saving in air 
capacity of 9.94 per cent. in the two-stage 
types and 3.44 per cent. in single-stage 
machines. 


COMPRESSION EFFICIENCIES. 


“Maker A,” two-stage—g1.25, 92, 92 and 
93 per cent.; average, 92.06. 

“Maker A,’ single-stage—82, 82, 82.1, 
84.5 and 84.3 per cent.; average, 82.08. 

“Maker B,” two-stage—8o.9, 81.8, 70.5, 

75.5 and 67 per cent.; average, 75.14. 
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The high-grade compounds waste but 
7-94 per cent. of the theoretical power re- 
quired; the single-stage machines of the 
same grade lose 17.02 per cent.; while 
the ordinary two-stage compressors of 
“Maker B” waste 24.86 per cent. of the 
power applied to them. 


The striking feature of this is the enor- 
mous waste in the compounds of “ Maker 
B,” due to defects such as have been 
briefly suggested. These losses have more 
than offset the advantages of compound- 
ing. Even the single-stage machines of 
“Maker A” show an average superiority 
of 7.84 per cent. over these defective com- 
pounds, while comparison of the two 
two-stage types ‘shows an average advan- 
tage of 16.92 per cent. in favor of “ Maker 
A’s” high-class machines, correctly de- 
signed and properly proportioned for the 
duty. 

Compression efficiencies for ‘“ Maker 
A’s” single-stage machines, in the last 
line of the table, are referred to perfect 
two-stage compression, ‘simply for ready 
comparison with the compound machines. 
It is to be noted that the efficiency of these 
compressors compared to perfect one- 
stage compression is also given as fol- 
lows: 93, 92.8, 93.2, 98.4 and 98.2 per 
cent.; average, 95.12. This mean's that on 
the average these machines depart less 
than 5 per cent. from theoretically perfect 
performance in their type. Such efficien- 
cies indicate a remarkable refinement in 
design and workmanship and exemplify 
the importance of the care bestowed upon 
what are usually considered minor details. 

The term “compound” or “ two-stage ” 
as applied to air compressors should prop- 
erly ‘stand for superior economy. The 
buyer of a compound rightfully expects a 
saving by its use. The foregoing tests, 
taken without prejudice from average ma- 
chines in ordinary practice, indicate how 
even reputable builders, acting no doubt 
in all good faith, may furnish a com- 
pressor which may prove a_ veritable 
“gold brick” in the hands of the trusting 
purchaser. Poor practice may prove the 
undoing of the best theory. That com- 
pressor only is a commercial and econom- 
ical success which embodies a_ sound 
theory in a mechanical structure correctly 
designed, built by skilled and careful 
workmen, and so simple as to be readily 
understood, handled and maintained by 
mechanics of average intelligence. 
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Wet vs. Dry Compressors. 





BY J. WALTER PEARSE. 





So early as 1867 the late Professor Mal- 
lard, of the Paris School of Mines, point- 
ed out that water in compressing cylin- 
ders causes a notable diminution of the 
energy to be expended, and a consider- 
able lowering of the air temperature. 
This temperature, while being scarcely 
so degrees cent. (122 Fahr.) in wet com- 
pressors, attains as much as four times 
that figure in the dry variety, which is 
one of their inherent disadvantages, alone 
sufficing to determine the adoption of 
compression in stages. The Professor 
also showed that the quantity of water 
to be introduced is slight, but that there 
is no great disadvantage in employing a 
slight excess of water, the quantity of 
which can easily be determined for each 
compressor. 

It may be added (observed M. J. Fran- 
cois, at the Liege Mining Congress) that 
the introduction of water into the cylin- 
fers requires the use of valves with hy- 
draulic joints, which are far more effi- 
cient than those with dry joints. To have 
a just idea of this, it is necessary to de- 
termine the relative speed of the water 
and compressed air, which flows off 
freely through one and the same orifice, 
and also to consider that the volume of 
the compressed air leakage must be mul- 


P 
tiplied by P- (P, and P, representing 
0 


the respective pressures of the air on en- 
tering and leaving the compressor) at 
any rate, for the leakage which occurs 
during aspiration, this being necessary 
for determining the influence of the leak- 
age, not only on the volumetric yield, 
but also on the dynamic yield, seeing that 
in this case the loss is of compressed air. 
Water introduced into compressors, 
provided it be recuperated and used over 
again, after being passed through a re- 
frigerator along the return pipe, becomes 
absolutely neutral and incapable of caus- 
ing injurious incrustations on valves, pis- 
tons and cylinders, even if the water at 
disposal be not of the best quality. 
Moreover, if a little soft soap be added 
to the water it will, of itself, be sufficient 
to lubricate the pistons and cylinders. 
Nor should it be forgotten that the 
water is drawn along in the state of steam 
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through the pipes leading underground, 
and, owing to the fact that such steam is 
produced by the heat disengaged from the 
air during its compression, the quantity 
of water thus lost will always be very 
slight. From the heat due to the com- 
pression must be deducted that lost in 
the water recovered, as also the loss 
owing to the cooling action of the com- 
pressing cylinders. 

The author brings figures to show that 
in a compressor of 100 indicated horse- 
power, even supposing that all the heat 
engendered by the compression vaporizes 
the water, less' than half a litre (or not 
a pint) of water is thus lost per horse- 
power per hour, while this very slight 
quantity is a maximum which is far from 
being actually attained. 

The disadvantage sometimes attributed 
to dampness in compressed air, as re- 
gards its freezing in the motors, is neg- 
ligible, because it may be avoided by 
previously determining the space to be 
left free between piston and cylinder 
cover, and so regulating the distribution 
of compressed air as to obtain the de- 
sired compression in this space. Such 
practice, the advisability of which may 
be proved mathematically, prevents the 
formation of hoar-frost inside the motors, 
and it causes no loss of power. because 
that absorbed in compression is at once 
given back. 

In any case, whether the compressor 
be wet or dry, M. Francois advocates 
making the delivery passages as_ short 
as possible, and only employing for cyl- 
inder lubrication such oils as are used 
in ice-making machines, while in large 
motors the compressed air should be de- 
livered into a wooden “snow-box” by 
pipes leading sufficiently far from the 
motor to preserve it and the driver from 
an icy cold. 

His conclusions are that, although air 
compression can be effected by both dry 
and wet compressors, the latter have 
great advantages, both in single stage 
and multiple compression. In point of 
fact, if a comparison be made between the 
two methods now almost exclusively em- 
ployed—multiple compression in dry 
compressors and direct compression in 
wet compressors—it will be found that 
the former has a certain advantage as 
regards the dynamic yield, although the 
extent of this advantage has been some- 
what exaggerated. 

The author’s examination of the re- 
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sults shown by indicator diagrams in the 
two methods of compression, up to 6 
and also up to 7 atmospheres, shows that 
in the first case, for the compression of 
a cubic metre of natural air, a work of 
26,050 kilogram metres is required by di- 
rect compression in a wet compressor, 
of 24,000 kilogram metres by dry com- 
pound compressors, showing an advan- 
tage of 7.8 per cent. in favor of the lat- 
ter, while in the second case (compres- 
sion to 7 atmospheres), the economy will 
be 28,300 — 25,925 — 2,375 kilogram 
metres, or 8.7 per cent. 

Accordingly, this is the only advantage 
of dry multiple compression over wet 
direct compression for pressures not ex- 
ceeding those adopted in mines, and it 
must be added that this advantage is set 
off by the complication of the two stages. 





Air Compressor at the Champion Copper 
Mine, Painesdale, Michigan. 


The mining of copper is probably the 
most expensive form of mineral produc- 
tion; and of all copper mines, those of 
the “copper country” of Lake Superior 
have the highest operating cost. Low- 
grade values, extended deposits, and im- 
mense depths make mining costs high and 
necessitate the most economical methods 
of operation to keep these properties in 
the favored list of dividend payers. 

Among the twenty-two producing mines 
of the Lake Superior district the “Cham- 
pion” ranked fifth in production in 1904, 
being credited during that year with an 
output of 12,500,000 pounds of refined 
copper, the sale of which yielded dividends 
of $300,000. The mine is at Painesdale, 
Mich., and is one of several large prop- 
erties owned and operated by the Copper 
Range Consolidated Copper Company. 
Under present average conditions of 
operation its output is about 2,000 tons 
of ore per day, which is hoisted through 
four shafts well scattered over the exten- 
sive property. 

High-grade machinery equipments are 
characteristic of Michigan copper mines, 
and the “Champion” is no exception. 
Cheap power is but one factor in secur- 
ing the low operating cost made necessary 
by mining conditions. Machine methods 
rule and the rock drill is monarch of the 


COMPRESSED AIR. 


situation. The air power plants of these 
mines are the key to their successful oper- 
ation, and that of the “Champion” is 
typical of the high standard of economy 
maintained. 

One of the largest compressors in the 
district is located on this property and 
was built by the Ingersoll-Sergeant Com- 
pany, of New York. It is a duplex Cor- 
liss type with cross-compound condensing 
steam cylinders and two-stage air cylin- 
ders. Steam is supplied at 130 pounds 
pressure by a battery of high pressure 
boilers in an adjacent boiler house. The 
steam pipe enters the basement of the 
compressor house and rises through the 
engine room floor to the high-pressure 
steam cylinder with a wide sweep bend 
of 6-inch pipe. The exhaust passes to a 
Worthington condenser, located, with its 
pumps, in the basement below. A 
vacuum of about 20 inches is maintained. 
The steam-valve gear is of standard Cor- 
liss release type. Automatic regulation 
is secured by an improved governor, in 
which the usual fly-balls are supplemented 
by a governor cylinder through which 
receiver air pressure operates to vary the 
cut-off on both cylinders, adjusting the 
speed to the demand for air and main- 
taining air pressure constant. Main 
frames are of standard heavy-duty tangye 
pattern, and cranks are of balanced disk 
type. 

High and low-pressure air cylinders 
are completely water-jacketed on heads 
and barrels. Cold air is drawn from out- 
side the building through a duct terminat- 
ing in an intake bracket supported on the 
compressor foundation. . The Sergeant 
piston inlet valve handles the intake on 
both high and low-pressure cylinders. 
Direct-lift discharge valves are used. A 
vertical receiver intercooler stands _be- 
tween the cylinders, 48 inches in diameter 
and 13% feet high, with tinned brass tubes 
through which the cooling water circu- 
lates. 

Steam cylinders are 18 and 36 inches 
in diameter; air cylinders, 2014 and 32% 
inches. The stroke is 48 inches. Normal 
speed is 72 revolutions per minute, at 
which the free air capacity of the com- 
pressor is 3,100 cubic feet per minute. Air 
pressure is 80 pounds. 

The compressor building is an iron- 
covered steel-framed structure lined with 
sheathing and floored with matched wood. 
A solid concrete foundation capped with 
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finished stone supports the compressor. 
The illustration shows the interior of the 
engine-room with the intercooler in the 
right foreground. The stairway on the 
right leads to the basement, which con- 
tains all auxiliaries, beside an engine- 
driven generator for lighting purposes. 

In a separate building, close at hand, 
is another Ingersoll-Sergeant air com- 
pressor—a survivor from early days of the 
“Champion” mine. At one time this 
small machine furnished all the air re- 
quired for rock drills; to-day it is main- 
tained as an auxiliary to the larger com- 
pressor. It is a straight-line type, steam- 
driven, with simple steam and air cylin- 
ders, 18 and 18% inches in diameter, re- 
spectively, and a stroke of 24 inches. At 
the rated speed of 94 _ revolutions 
per minute its free air capacity 
is 656 cubic feet per minute, de- 
livered at 80 pounds pressure. The 
steam end is fitted with adjustable cut-off 
valves of Meyer type; and Sergeant “ pis- 
ton inlet” and direct-lift discharge valves 
handle admission and discharge of air. 

There was a period of two years in the 
history of the “Champion” mine when 
rapid development threw an unusually 
heavy load on these two compressors—the 
Corliss and straight-line. During this 
time these machines ran continuously, 24 
hours per day and 7 days in the week. 
carrying, jointly, an average load of 56 
rock drills, 7 pumps and 4 “ puffers”— 
small hoists used for light work. 
Throughout all this heavy overload there 
were no breakages and no repairs on the 
compressors, nor any delay directly 
chargeable to these machines. They came 
through the ordeal in splendid condition. 
Now that conditions are somewhat re- 
lieved the larger compressor easily does 
the work of its section of the mine, while 
its smaller associate stands ready for 
emergencies. 





Air Required to Operate Rock Drills.* 





The first thing to consider when about 
to install compressed air to operate rock 
drills is the number and sizes of the drills 
required to do the work. This means the 
total number of drills that will be in ac- 
tive service at one time. 


cer for Mines and Minerals, by F.™M. Hitch- 
cock, M. E 
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The size of the drills is determined by 
the material to be drilled, whether soft, 
medium, or hard, together with the depth 
that it is desired to drill the holes. 


The number of drills to use is decided 
by the rapidity with which the work is 
to be done, the feasibility of working 
more or less drills at different points to 
advantage, etc. 

When the maximum number to be run 
is determined, the question arises as to 
what capacity of compressor is needed to 
drive them. This depends greatly on the 
air pressure to be used, which varies from 
60 pounds to 100 pounds in different 
plants; the lower the air pressure, the 
less the amount of air required. For use 
at sea level, probably 80 pounds is the 
most common pressure at the present 
time. This seems to be the pressure that 
gives the best results under average con- 
ditions, but the kind of rock to be drilled, 
and the hardness of the drill steel, are the 
deciding factors. Few drills are worked 
economically with air at a pressure above 
100 pounds, on account of the rapidity 
with which the steel dulls, and the amount 
of vibration, particularly in hard rock. 
The frequent sharpening and changing of 
bits greatly increases the loss of time. 


The accompanying table 1 shows the 
amount of air required to run from one 
to 50 Rand drills at an air pressure of 
80 pounds at sea level. It is computed 
on a sliding scale, determined by experi- 
ence, and gives the air required under 
usual working conditions. This means 
that with the increase in the number of 
drills used, less air is required per drill, 
or that there is a decrease in the percent- 
age of the number that will be in simul- 
taneous operation. 

The amount of air that a compressor 
should furnish to run a certain number 
of drills at 80 pounds pressure may at 
once be determined from the table. 

To find the air required for other press- 
ure than 80 pounds multiply the amount 
given in the table by the following factors: 

For 60 pounds by .789. For 70 pounds 
by .894. For 90 pounds by 1.105. For 
Too pounds by 1.211. 

The quantity determined, however, is 
the free air that a compressor should 
deliver compressed, and not its displace- 
ment capacity. 

The figures given do not take into con- 
sideration the loss of pressure that the 
air sustains in its transmission from the 
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compressor to the drills, due to friction 
and leakage in the pipes. In a properly 
constructed line, however, these losses do 
not amount to a great deal, and air is 
carried 5,000 to 10,000 feet with a loss 
of only 3 to 5 pounds in pressure. 


TaBLE I—Air Required to Operate Rand 
Rock Drills at Sea Level, With Air at 
80 Pounds Pressure Per Square Inch. 
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As the air decreases in density with the 
height above sea level, more free air must 
be compressed at altitudes than at sea 
level to give equivalent results. 


Having noted in Table 1 the amount of 
air required to run a certain number of 
drills at 80 pounds pressure sea level, 
multiplying that amount by the factors in 
Table 2 will give the amount which is 
equivalent in effect at various altitudes, 
either at 80 pounds, or at 60, 70, 90 or 
100 pounds pressure. 

For an example, assume that we wish 
to run six No. 3 drills at 10,000 feet alti- 
tude, and at 90 pounds pressure. From 
Table 1 we see that they require 588 cubic 
feet of free air at sea level when running 
with air at 80 pounds pressure. From 
Table 2 we find the factor for the con- 
ditions given to be 1.542; hence, the 
amount of air required is 588X1.542=906 
cubic feet. 


TABLE 2—Factors for Altitudes. 
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Notes. 





POSTMASTER-GENERAL CORTELYOU has 
decided to endorse recommendations for 
the extension of the pneumatic mail-tube 
service in Brooklyn. 





ALFreD E, SHARPE, a fourteen-year-old 
boy of Iowa Falls, Iowa, has just com- 
pleted an engine which may be run by 
either steam or compressed air. 

THE Ohio Compressed Air House- 
cleaning Co., of Columbus, has _ been 
formed with the following incorporators: 
J. N. Koerner, E. J. Burkett, Walter L. 
Lillie, John L. Trauger and F. M. 
Leonard. 





As a rule coal cutters of the compressed 
air puncher-type are more effective than 
electric cutters in low coal workings con- 
taining clay spots, which are much faulted. 
Rotary coal cutters are best suited to 
thick seams of clean coal.—Engineering 
and Mining Journal. 








Lorp MasHAmM (Samuel Cunliffe-Lis- 
ter). the patentee of many inventions, in- 
cluding a compressed air brake for rail- 
roads and a wool combing machine, died 
February 2, at Swinton Abbey, Masham, 
County of York, England. He was born 
in 1815 and was created a baron in 1891. 
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In a shop where the sand blast is now 
being used for cleaning crown bars and 
crown sheets, it formerly took a 17%- 
cent man 10 hours to clean a dozen bars 
—$1.75 for the lot. With the sand blast, 
a bar is cleaned in 20 or 30 minutes, or 
about half the time it took using the old 
way.—Boiler Maker. 


CoMPRESSED AIR is sometimes used as a 
temporary relief in rooms in coal mines 
when the fan currents are insufficient. It 
is not an advisable proceeding, and is 
evidence of bad management. Every coal 
mine should have a fan capacity ample for 
all calls made upon it—Enginecring and 
Mining Journal. 


Power may often be transmitted from 
the surface to the face of the workings 
in a coal mine by compressed air better 
than any other means. The chief dis- 
advantages of the compressed-air system 
are, danger of dislocation of the pipe 
lines through fall of roof, and less flexi- 
bility when applied to underground haul- 
age than the electric system.—Enginecring 
and Mining Journal. 


THE Westinghouse Machine Company 


has opened a Philadelphia sales office in 
room 1,003, North American building. 
The establishment of this office was 
necessitated by the rapidly expanding 
business in this territory, particularly in 
gas engines and Westinghouse-Parsons 
steam turbines, and is in line with the 
progressive policy of the company to 
establish headquarters in all large in- 
dustrial cities. 


“ 


THE term “capacity,” when applied to 
an air compressor, is often misunderstood. 
It relates to the piston displacement in the 
large low-pressure cylinder of the com- 
pressor; it does not refer to the amount 
of compressed air the machine will de- 
liver. The same machine when working 
under different pressures, or at different 
elevations above sea level, has the same 
capacity; but delivers different quantities 
of compressed air per unit of power.— 
Engineering and Mining Journal. 


A HIGH-ALTITUDE air compressor is de- 
signed to compress the lighter air in high 
altitudes to the same gauge pressure that 
another machine produces when working 
at sea level. At any appreciable altitude 
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above sea level a larger number of com- 
pressions are required to produce the same 
sea-level gauge pressure. This is ar- 
ranged by increasing the area of the air 
cylinder in the high-altitude compressor, 
and the valves are set so as to effect an 
earlier cut-off.—Engineering and Mining 
Journal. 


AN engineering and machinery exhibi- 
tion will be held in London, England, 
from September 15 to October 17, 1906, 
under the presidency of Sir Wm. H. 
Wate. KC, 8, LL. BD. F. BR. S.,. and 
a distinguished patronage, including the 
foremost English scientists; the past 
presidents, presidents and vice-presidents 
of all the engineering institutions, the 
consuls of foreign countries, etc. While 
this exhibition has been held annually for 
some time, it has been on a much smaller 
scale than is planned for this year’s. 


THERE will be a full and generously 
illustrated description of the “New New 
York Custom-house” in the March 
Century by Mr. Charles de Kay. The 
fine new structure now nearing com- 
pletion stands on Bowling Green, 
Whitehall Street and Battery Park, seven 
stories from street to roof, with two 
stories below the street. Convenient 
approaches, elevators, sunlight, electricity 
and ventilation will be conspicuous 
features of the new Custom-house as well 
as notable architecture and sculpture. 


GASOLINE air-compressors may often 
be employed advantageously in work that 
does not warrant the installation of a 
steam plant. A 3'%-inch drill will re- 
quire about 12 horse-power, or 12 pints 
(1.5 gallons) of gasoline, which, at price 
of 15 cents per gallon, would make the 
operation for eight hours come to $1.20, 
reckoning that the drill is run two-thirds 
time. There may be also saving in at- 
tendance, as compared with a small steam 
plant. Gasoline air-compressors have been 
successfully employed in mining work.— 
Engineering and Mining Journal 


Tue Cyclone Drill Co., Orrville, O., has 
been incorporated January 22. with a cap- 
ital of $100,000, buying out the assets, in- 
cluding machinery, merchandise, patents, 
etc., of the Cyclone Drilling Machinery 
Co. and the Preslar-Crawley Mfg. Co. 
The new company will make drills of all 
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types and also a combination drill em- 
bodying the hollow rod, cable and core 
drills. The directors of the company are: 
B. S. Cope, president; Chris, Smith, vice- 
president; Wm. H. Tschantz, treasurer ; 
Wm. M. Knoppes, secretary, and Walter 
A. Knight. 


PNEUMATIC tools have recently received 
an unexpected but deserved mark of ap- 
proval by the agreement of the Work- 
men’s Society with the Federated Ship- 
building & Engineering Employers of 
England and Scotland, to encourage the 
use of these appliances and to allow a 
substantial reduction in rates of pay for 
work done by their aid. Hereafter men 
using pneumatic tools will have their pay 
reduced 40 per cent. on shell plating and 
35 per cent. on interior work generally. 
Such a concession would manifestly not 
be made unless the workmen were certain 
by experience that it was just to both 
hand and pneumatic work.—Engineers’ 
Record. 


A MACHINE for the manufacture of 
liquid air, the third to be installed in 
American colleges, is now a part of the 
equipment in the department of physics 
at the University of Minnesota. The 
machine is being used for experiments 
in radio-activity. 

Liquid air can be manufactured in half 
an hour with the machine. The process 
is the usual one. After being freed of 
impurities the air is passed through a 
compressor such as is used on torpedo- 
boats for firing torpedoes. It is then 
passed through potassium hydroxide to 
condense the gases. After liquefying and 
expansion processes are completed the 
air is passed through tubes and collected. 


A CORRESPONDENT of the “ Wandsworth 
Borough News” has just brought to no- 
tice some interesting trials which took 
place nearly sixty years ago with a com- 
pressed air motor-car constructed in ac- 
cordance with the patent of Baron An- 
thony Bernard. Von Rathen, bearing date 
2d November, 1847 (No. 11932). The 
machine was built at the workshops of 
that ill-fated institution, the Putney Col- 
lege of Civil Engineering, and a public 
trial of the car took place on the road 
between the college and Wandsworth on 
the oth August, 1849, and again on the 
11th of the same month. The car attained 


a speed of eight miles per hour on the first 
occasion and twelve miles at the second 
trial. The inventor seems to have dis- 
played much ingenuity in the details of his 
machine, and it is somewhat surprising 
that nothing more was heard of it—Motor 
Car Journal (Eng.). 


FREDERICK T. TOWNE, superintendent 
of the Yale & Towne Mfg. Co.’s plant at 
Stamford, Conn., and son of Henry R. 
Towne, president of the company, died 
early on the morning of Sunday, February 


4th. 

Although only 34 years of age, Mr. 
Towne had made a name for himself in 
the industrial world. He was a member 
of the administrative council of the Na- 
tional Founders’ Association from 
February, 1900, until November, 1903, 
during the last year of which time he 
served as president, although he was one 
of its youngest members. He was ex- 
ceedingly active in its behalf and had 
much to do with formulating its policies. 

Mr. Towne was a graduate of Tufts 
College. After completing his course 
there he entered the employ of the Yale 
& Towne Mfg. Co., speedily working him- 
self up to the superintendency of its plants 
at Stamford and Branford, Conn., with 
3,000 men in his control. It was his am- 
bition to make the Stamford plant a 
model one, especially in the relations of 
employer to employes. He was a mem- 
ber of the American Society of Me- 
chanical Engineers. 


Ripcety & JoHNson Tool Company, of 
Illinois, control a patent recently granted 
to Henry H. Vaughan, of Cleveland, 
Ohio, on an improvement in pneumatic 
hoists. 

The invention relates in general to 
fluid-pressure-operated lifted apparatus, 
and more particularly to pneumatic hoists. 
In a fluid-pressure-operated mechanism 
in which a pull or push is exerted by 
fluid-pressure medium, it is desirable that 
the mechanism ‘should be retained in posi- 
tion to maintain the push or pull after 
the fluid pressure has been disconnected 
from the motor cylinder, thereby pre- 
venting condensation of steam or from 
leakage of compressed air. It is also 
desirable that the mechanism should be 
retained in position to maintain the push 
or pull until the load has either been 
removed or has been lifted by the re-ad- 
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mission of fluid pressure to the motor 
cylinder. The invention consists in a 
motor cylinder, a piston fitting within the 
cylinder, automatic means for retaining 
the piston in any position to which it may 
be moved by fluid pressure, and means 
for releasing the retaining means only 
when the load is no longer sustained 
thereby. —The Manufacturer. 


An interesting feature of mining in 
the Cripple Creek district, and an item 
which is as closely watched by the opera- 
tor as any other, is the cost of making 
air per drill shift, upon which largely de- 
pends the possibilities of economical 
operation. The wide range in this one 
respect is shown by the fact that in some 
instances the cost is as high as $3.00 per 
drill shift, while in others the same re- 
sults are obtained at a cost of 53 cents. 
This great difference is due to the class 
of machinery used and the care and 
intelligence with which it is operated. Of 
the different records obtained from mine 
operators the following seems to show 
the greatest economy. 

Mr. John Sharp, the well known lessee 
who is operating the Morning Glory of 
the Work, and the Colorado Boss of the 
Cripple Creek Consolidated Company, 
furnished data covering a period from 
September 20, 1904, to January 17, 1905, 
during which time 1,367 drill shifts were 
operated. As shown by his books during 
that time the coal bills amounted to 
$1,183.17. The greatest number of shifts 
worked in one month was in October, 
when 492 were employed. 

The rock hoisted amounted to 7,500 tons 
during the months of October, November 
and December, and the coal bills for hoist- 
ing amounted to $450.00, leaving the total 
coal bil! for running the air compressor 
$733.17, or 53.7 cents per drill shift— 
Mining Reporter. 


AN interesting example of the general 
utility and adaptability of the Westing- 
house air brake pump was given in con- 
nection with the raising of the lake 
steamer “Corey” exclusively by the use 
of twenty of these pumps. The “Corey” 
went aground on the shores of Gull 
Island, Lake Superior, during the severe 
gale of November 28 last. On the first 
of December, men and pumps were sent 
by two of the prominent northern rail- 
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roads to prosecute the work of raising 
this vessel. 

Ten 11-inch pumps and ten 9!%-inch 
pumps were distributed along the deck 
of the steamer and arranged to force air 
into thirteen of the air-tight compart- 
ments in the vessel. This work was 
commenced on the second of December, 
and while the air was forced into the 
compartments by the pumps, the leaks 
were repaired by boilermakers as fast 
as they were discovered, either by being 
patched or by the use of cement. To 
accomplish this preliminary work of stop- 
ping all leaks required until December 9, 
about 3 P. M. At this time all of the 
pumps were ‘set to work forcing air into 
the compartments in order to displace 
the water and raise the vessel. On the 
following morning at 7:30 A. M., it was 
found that the boat had been raised four 
feet and sufficient water removed by the 
compressed air to allow the steamer 
“Houghton” to easily pull the “Corey” 
from the shore into deep water. In rais- 
ing this vessel it is estimated that from 
3 P. M. on December 9 until 7:30 A. M. 
December I0 about 6,000 tons of water 
were removed by the use of these twenty 
pumps. 


A NEw device has been put on the mar- 
ket by A. E. Hoermann, 261 Broadway, 
New York City, dealer in pneumatic and 
other machinery, which promises to have 
a good field. 

The tool is supposed to be used in con- 
nection with an ordinary air or electric 
drill and to perform the work of screw- 
ing up, tightening and also unscrewing 
nuts. 

Without doubt the largest field for this 
tool will be the railroad market. On 
some of the wooden freight cars, for in- 
stance, there are as many as 600 nuts of 
one kind, and needless to say the time 
consumed in tightening these by hand 
with a wrench is considerable. 

The idea of using a tool of this kind 
is not a new one, but so far no satis- 
factory one has been. placed on the 
market. Tests have been made by using 
solid chucks in drills, but the sudden 
jar caused at the moment the nut was 
drawn up on the surface soon put the 
drill out of commission. 

The tool, built according to A. E 
Hoermann’s ideas, has an adjustable fric- 
tion arrangement, which enables _ the 
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operator to regulate the tension for the 
largest nut to be tightened. 

The nuts to be tightened are placed on 
the bolts with about one and one-half turn, 
the tool will run them up to the surface 
and tighten them, then the friction ar- 
rangement will take up the jar and _ al- 
low the drill to continue rotating while 
the wrench chuck itself remains station- 


ry. 

. This tool has been thoroughly tested 
at the shops of the Central Railroad of 
New Jersey, at Elizabethport, and found 
to work remarkably well. It has been 
found, however, that a three-quarter-inch 
nut is the maximum capacity, not of the 
tool itself, but of the drill, as the largest 
drill is not strong enough to develop 
power to tighten a one-inch nut sufficient- 
ly tight. 


AN article in The Railway and En- 
gineering Review gives the following 
description of the piping system used in 
the Sedalia shops of the Missouri Pacific 
Railway: 

“The compressed air is carried in three 
independent lines from the power house 


under ground to the various buildings, 
and the freight car repair yard. The pipe 
used for this purpose is Universal cast- 
iron pipe, manufactured by the Central 
Foundry Co., of New York. This pipe 


has special machined ends, with lugs 
cast at the ends so that the pipe may be 
laid in sections and bolted together. The 
pipe is laid in the ground with no further 
protection than a coat of coal tar. The 
line for the freight car repair yard leaves 
the power house at the west end and ex- 
tends in a straight line about 1,700 feet 
west. A branch line leaving the main 
runs to the store house for the operation 
of air hoists; another line supplies the 
freight car repair shed and the scrap plat- 
form, and at 200 feet intervals branch 
lines are taken from the main and run 
north across all the tracks of the freight 
car repair yard. The pipe of both main 
and branches is cast with bosses at 3 
feet intervals, so that the line may be 
drilled and tapped, and a riser brought 
to the surface of the ground at any one 
of these bosses. At the end of each of 
the branch lines is a cast-iron drip-pot, 
provided with a three-quarter inch blow- 
out pipe and control valve at the surface 
of the ground. The line is pitched to 
drain to the drip-pot and a cast-iron 
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roadway box with a cover plate bearing 
the inscription “Drip Pot” marks the 
location of each one of the 19 bleeders 
on the underground air piping. In ad- 
dition to these drip-pots, which have a 
capacity of 15 or 20 gallons each, there 
are five steel reservoirs or pressure ac- 
cumulators, which still further collect 
condensation and provide reserve capacity 
at points of greatest demand for air.” 


At the close of 1904 there were 156,- 
456,370 feet or 29,632 miles of mains for 
the transportation of natural gas in the 
United States, which varied from 2 to 
36 inches in diameter. The greater por- 
tion of the pipe in use is 8 and Io inches 
in diameter. The line pressure on the 
smaller pipe up to Io inches runs as high 
as 400 pounds; for 20 inches diameter the 
pressure is usually less than 300 pounds 
to the square inch. Originally the gas 
pressure in the wells was sufficient to 
transport large quantities in ordinary- 
sized pipes to points of consumption 
many miles distant. In many instances dur- 
ing recent years the gradual falling off 
of the natural pressure has made it nec- 
essary to instal powerful pumping or 
compressing machinery. 

By far the most economical results 
have been secured by large gas-engine 
compressors, in which natural gas is ex- 
ploded instead of steam being used, and 
in which 9 cubic feet have developed 1 
horse-power per hour, while working 
at about 1,500 horse-power capacity. 
Thirty cubic feet of gas have been com- 
pressed from 0 to 270 pounds pressure to 
the square inch by the consumption of 1 
cubic foot of natural gas, whereas double 
that amount of gas is consumed under 
boilers supplying double-expansion con- 
densing steam engines to do the same 
work, 

In recent years there has developed a 
general extension of many of the large 
lines, supplying central western Pennsyl- 
vania and northeastern Ohio, into the 
deep and prolific fields of southwestern 
Pennsylvania and western West Virginia, 
which are now operated in a most eco- 
nomical way, enforced by the dearly 
learned lessons of the reckless exhaustion 
of the original fields of Pennsylvania, 
Ohio and Indiana. Much larger lines 
have been recently constructed, and the 
increase in diameter has added largely to 
their capacity and has increased the quan- 
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tity of gas delivered at points of con- 
sumption.—Engineering and Mining 
Journal. 


A CORRESPONDENT of the Milwaukee 
Sentinel writes from Ironwood, Mich., as 
follows: 

“An interesting sight at Corrigan, Mc- 
Kinney & Co.’s Great Western mine at 
Crystal Falls, Menominee range, is a com- 
bination pump operated by compressed 
air. The history of this unique device 
dates back several years, when a collapse 
of the surface ground, caused by the cav- 
ing system of mining, carried down stopes 
and threatened the life of the shaft. A 
considerable portion of the cave, ap- 
proaching 200 feet in depth, was there- 
upon filled with sand and the stability of 
the shaft was restored. It was necessary 
to instal pumps in order to prevent the 
flooding of the mine, but instead of pump- 
ing the water direct by steam, a method 
which on account of the sand would be 
destructive to the ordinary type of pump- 
ing machinery, a small air compressing 
plant and vacuum pump were put in and 
two cylindrical tanks, each of a capacity 
of 2,000 gallons, were installed in the bot- 
tom of the pit. Each tank is equipped 
with a water inlet, discharge pipe, and 
check valve at the bottom, and a com- 
pressed air and vacuum pipe at the top. 
The tanks, connected, occupy space in a 
reservoir which is the receiving vat for 
all the surface water. 

“While the water is forced into one 
tank by compressed air, the same move- 
ment of the pump drives the air out of 
the other tank, creating a perfect vacuum 
and forcing the water into the pipe which 
conveys it to the top of the pit and into 
the sluiceway by which it is carried out 
of range of the mine. When the tank is 
emptied of water, the air in it, which is 
under compression, is automatically with- 
drawn and taken back into the com- 
pressor, losing only a part of its pressure 
in the process and adding materially to 
the economy of the device. The two tanks 
operate in balance, one filling while the 
other is discharging, and thus a con- 
tinuous stream of water is maintained. 
The only parts of the device to which the 
sand in the water can exert a_ destruc- 
tive force is on the check valves, saving 
greatly in wear and tear.” 


Tue American Institute of Mining En- 
gineers, which for the two days preceding 
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has been in annual session at Bethlehem, 
Pa., was on Saturday, February 24th, en- 
tertained by the Ingersoll-Rand Company 
at its works at Phillipsburg, N. J 

A special train brought the visiting 
party, about 165 in number, from Bethle- 
hem direct to the shop grounds. The 
guests were received by President W. L. 
Saunders of the company, assisted by 
members of the sales and engineering de- 
partments both from Phillipsburg and New 
York. The party was at once photo- 
graphed on the steps of the office building, 
and each guest was presented with a leaf- 
let showing a plan of the works. 

The guests, divided into parties, were 
piloted by representatives of the company 
over the specified route through the shops, 
inspecting the many classes of machinery 
built there, both in construction and in 
operation. After a morning spent in this 
manner, the visitors were conducted to 
the dining room on the third floor of the 
oftce building, where a luncheon was 
served to about 195 guests and company 
representatives. 

After an hour of fellowship and good 
cheer, a second photograph was taken and 
the company was called to order by Mr. 
De Saules, acting chairman of the enter- 
tainment committee. After a few happy 
remarks of appreciation of the day’s enter- 
tuinment, the chairman called upon Presi- , 
dent Saunders of the Ingersoll-Rand Com- 
pany, who responded, calling attention, 
among other things, to the fact that the 
Institute was not up-to-date in that it still 
clung to the hand hammers on its emble-~ 
inatic seal, which should properly be re- 
placed by a machine drill as more typical 
of modern engineering progress. 

Mr. Jasper Rand, vice-president of the 
company, was then called upon and dwelt! 
in his remarks upon the close and inti- 
mate relations in the new company which 
had taken the place of the keen rivalry be-" 
tween the former Ingersoll and Rand™ 
Companies. The next speaker was Mr.” 
Edmund C. Pechin, one of the charter” 
members of the Institute, who gave some 
historical reminiscences. He was followed 
by Dr. Raymond, secretary of the Insti- 
tute, since its foundation. The informal 
program closed with a song by Prof. 
Franklin, of Lehigh University, an Insti- 
tute member, which told of the intimate 
relations of “ Sandy and his Mule” in the 
days before machinery was introduced in 
the coal mine. The party then adjourned, 
returning by their special train. 
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A number of ladies, guests of the Insti- 
tute, were in attendance, lending to the 
occasion the charm of their presence. 


THE accompanying illustrations show 
an irregular box cam and a novel method 
introduced for cutting it. It will be ob- 
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with a single tool, it being absolutely 
necessary that the groove of the cam be 
parallel. 

Not having a machine particularly 
adapted to the work an _ emergency 
method was devised consisting of a block 
mounted on slide of engine lathe in which 
a milling cutter was free to revolve. A 
master cam was attached to mandrel with 
gear in proper relation to it; as the lathe 
revolved slowly (slide rest having pre- 
viously been disconnected from _ cross- 
feed screw) the milling cutter arbor was 
kept in contact with master cam by means 
of weight fastened to end of cross-feed 
slide. The cutter arbor in contact with 
master cam was the same diameter as the 
milling cutter used; this insured an ab- 
solutely parallel slot. A “ Little Giant” air 
drill was used for driving the cutter. The 
arrangement proved very satisfactory as 
the speed could be controlled to a nicety; 
it made the fixture at minimum cost; no 
cumbersome belts or other complicated 
mechanism being necessary, and the set- 
up required no more time than an ordi- 
nary chucking job. We are indebted to 





served that at one point the groove is 
located very close to the centre of the 
gear, while it runs close to the rim at 
another point; hence it could not be cut 





Mr. Henry J. Kimman, superintehdent of 
the Cleveland plant of the Chicago Pneu- 
matic Tool Company, for the illustra- 
tions and explanation covering the work. 
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COMMUNICATIONS. 


Under this heading will be published inquiries 
addressed to the Editorof COMPRESSED AIR. We 
wish to encourage our readers in the practice of 
making inquiries and expressing opinions. 

We request that the rules governing such corre- 
spondence will be observed, viz. : all communica- 
tions should be written on one side of the paper 
only ; they should be short and to the point. 





To the Editor of Compressep AIR: 


We have a problem in compressed air 
pumping to be solved which we herewith 
submit to you. 

We have a well 720 feet deep cased 
with steel pipe 75g inches in diameter 
to 470 feet; there is an intermission of 
20 feet in which there is no casing, then 
220 feet of 55-inch casing. At 470 feet 
natural gas and oil were obtained. At 
720 feet natural gas and salt water were 
obtained. The water rises to the top of the 
well, carrying with it oil and gas, which 
bubbies over the top of the well pre- 
sumably two to four gallons per minute. 

Many attempts within the past three 
months have been made to pump the well 
dry by means of a deep well pump oper- 
ated by compressed air, the air com- 
pressor giving 70 cubic feet at 80 pounds 
pressure, and the results achieved have 
been discouraging. Our purpose is to 
pump the well dry so that we may se- 
cure the gas which comes in about 700 
to 710 feet which is just above the salt 
water. 

Yours very truly, 


BryAN OBEAR, 


Provided the well yields more water 
than the deep well pump can handle, 
the air lift system is the only method 
to employ promising any possibility of 
lowering the water to a point where the 
water seal will be broken, and the gas 
under a certain amount of pressure, lib- 
erated to escape with the water pumped. 
The question of just how far the water 
level in the well will have to be lowered 
(the static head reduced) in order to 
release the gas being unknown, depend- 
ing upon the gas pressure, the necessary 
capacity of the compressor and pressure 
of air cannot be determined at the time. 

Considering the air lift system, it will 
not be practicable to pump the water 
down to’ the very bottom of the well— 
“to pump it dry ”—as you state, because 
this method of pumping depends for its 
proper operation upon a certain amount 
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of submergence for the piping, or, in 
other words, the air and discharge pipe 
must be under water for a certain pro- 
portion of their total length in order to 
give satisfactory results. 

We believe, however, using the air lift 
system, you can lower the water level 
and reduce the water pressure now hold- 
ing the gas to such an extent that by 
pumping into a tank fitted with baffles, 
or arranged in such a way as to readily 
separate the gas from the water, that 
the desired results can be obtained. 

It is hardly possible that this can be 
done with a compressor the size men- 
tioned, but it will be possible to get a 
line on the requirements by fitting up 
and testing with this machine, and it will 
cost but very little to make such a trial._— 
Epiror. 


To the Editor of ComMpressep AIR: 


With reference to the power for use at 
the well which is intended to be pumped, 
I beg to say that the compressor will 
give about 70 cubic feet of free air per 
minute at 80 pounds pressure. 


The air compressor is a hydraulic com- 
pressor, being driven by a steam pump 
to furnish an artificial head of water 
which is alternately driven into tanks 
compressing the air above it at the rate 
of about a revolution every 45 seconds. 
It is possible to secure 80 feet per min- 
ute at a 100 pounds pressure. I enclose 
you a small blue print of the invention 
which will give an idea of my hydraulic 
air compressof. 

With reference to the depth which we 
have been able to pump the well, beg 
to say that the water has been lowered 
in it by means of a deep well pump to 
about 550 feet. At this point the pump 
stopped working and refused to take the 
air. We have just taken the pump out 
and find that the valves were glotted 
to such an extent with oil that they did 
not perform their proper functions. 
During the pumping of the well there 
was no accurate test of efficiency made, 
but we estimate that we pumped one gal- 
lon of water to two cubic feet of free air. 
At the next attempt to pump the well I 
shall pump the water into a tank and 
measure it accurately and keep a record 
of the air compressor. 

Yours very truly, 


BryAN OBEAR. 





COMPRESSED AIR. 


INDEX. 


Air Compressors at the Champion 
Copper Mine, Painesdale, Mich... 3959 


Air Required to Operate Rock Drills 3961 
Communications 

Compound Air Compression...... 
Compressed Air Saw, A 


Derivation of Formulae for Single 
and Stage Compression, etc 
New Volume, A 


Patents 
Sea Level or Lock Canal 


Wet vs. Dry Compressors 





FOR SALE. 


At less than cost, the following 
imported Mannesmann tubes, de- 
signed for storage of compressed 
air: 

12 tubes 20 ft. in length 

78 tubes 15 ft. 414 in. in length. 


All designed for a working pressure 
of 2000 pounds per square inch and 
tested to 4800 pounds per square 
inch. All tubes are new and have 
never been in service. 


Address : 


H. K. PORTER CO., 
541 Wood St., Pittsburg, Pa. 

















U.S. PATENTS GRANTED JAN., 1906. 
Specially prepared for ComprEssED AIR. 


808,623. CARRIER FOR PNEUMATIC 
TUBES. Birney C. Batcheller, Philadelphia, 
Pa., assignor to The Pearsall Pneumatic Tube 
and Power Company, New York, N.°Y., a Cor- 
poration of New York. Filed Mar. 21, 1905. 
Serial No. 251,210. 


808,638. FLOATING CAISSON FOR REPAIR- 
ING FLOATING DRY-DOCK BOTTOMS. 
Andrew C. Cunningham, Annapolis, Md. 
Filed Mar. 10, 1905. Serial No. 249,398. 


An under-water-floating caisson for repairing 
the bottoms of floating dry-docks, the same com- 
prising an open-topped working chamber having a 
bottom and closed on all sides, said chamber be- 
ing adapted to be entirely submerged and floated 
under the dock; and provided with means for 
exhausting the water therefrom, and having a 
shaft extending above water to permit workmen 
to enter the chamber after it is in place. 


808,680. AIR-GUN. David F. Polley, Plymouth, 
Mich., assignor to Markham Air Rifle Com- 
pany, Plymouth, Mich. Filed Dec. 19, 1904. 
Serial No. 237,572. 


808,708. LOAD-BRAKE APPARATUS. Walter 
V. Turner, Wilkinsburg, Pa., assignor to West- 
inghouse Air Brake Company, Wilmerding, 
Pa., a Corporation. of Pennsylvania. Filed 
Apr. 1, 1904. Serial No. 201,167. 


808,711. COMBINED AIR-BRAKE-SETTING 
DEVICE AND ALARM. Robert E. Adreon 
and Francis M. Stambaugh, St. Louis, Mo.; 
said Stambough assignor to said Adreon. Filed ° 
Apr. 14, 1905. Serial No. 255,664. 


808,716. BRAKE SYSTEM. Charles E. Barry, 
Schenectady, N. Y., assignor to General KElec- 
tric Company, a Corporation of New York. 
Filed Aug. 13, 1908. Serial No. 169,349. 


808,728. FLOATING CAISSON. Andrew C. 
Cunningham, Washington, D. C. Filed Sept. 
20, 1905. Serial ‘No. 279,347. 


An under-water floating caisson for the pur- 
poses described, comprising an open-topped work- 
ing chamber having a bottom and closed on all 
sides, said chamber being adapted to be entirely 
submerged and to be floated under the structure 
to be repaired, means for gaining access to the 
chamber from above the water after it is in place 
and for exhausting the water therefrom, and 
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floats exterior to the chamber for suspending or 
maintaining it at the desired depth of sub- 
mergence while being moved into place. 


808,768. COMBINED DOOR, LOCK, AND IN- 
DICATOR FOR CARRIERS USED IN 
PNEUMATIC TUBES. Patrick J. Madigan, 
Chicago, Ill. Filed Feb. 25, 1905. Serial No. 
247,309. 


808,811. 
James W. Brown, Minneapolis, Minn. 
Aug. 27, 1904. Serial No, 222,386. 


AUTOMATIC PRESSURE-RETAINER. 
Filed 


808,887. ROCK AND’ COAL DRILL. Lester C. 
Hardsocg, Ottumwa, Iowa. Filed May 17, 
1905. Serial No. 260,786. 





A housing, a hammer mounted therein and 
provided with exterior screw-threads, a slidably- 
mounted hinged block having screw-threaded en- 
gagement with said hammer, spring-pressed plun- 
gers located at opposite ends of said block for 
cushioning the movements of the same, means 
for adjusting the tension of the springs of said 
plungers, and means for turning said hammer. 


PROTECTOR FOR PNEUMATIC 
Henri David, Paris, France. Filed 
Serial ‘No. 189,856. 


808,974. 
TIRES. 
Jan. 20, 1904. 
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808,903. AUTOPNEUMATIC MUSICAL IN- 
STRUMENT. Walter -Crippen, New York, 
N. Y., assignor to Wilcox & White Company, 
Meriden, Conn., a Corporation of Connecticut, 
Filed June 5, 1905. Serial No. 263,710. 


809,088. AUTOMATIC ELECTRICAL CON- 
TROLLER FOR AIR-COMPRESSORS. Fred 
D. Ackerman, Kendallville, Ind. Filed May 
17, 1905. Serial No. 260,865. 

















The improved automatic controller for the pur- 
pose specified, comprising a valve-chest and valve, 
an air-cylinder and a slidable piston contained 
therein and connected with said valve, a spring 
for opposing the movement of the piston in one 
direction, a second air-cylinder having a spring- 
pressed piston, an air conductor connecting such 
second cylinder with the valve-chest, a slidable 
bar connected with the last-named piston, a cas 
ing supplied to and slidable on said bar, a spring 
contained within the said casing and applying 
pressure between it and the bar, an electrical 
switch one member of which is connected with 
the casing, and spring locking and release mechan- 
ism connected with the casing for holding it nor- 
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mally immovable and the switch normally closed 
until a certain predetermined air-pressure is 


accumulated. 


309,206. MINING-MACHINE. Daniel R. Mur- 
phy, Scenery Hill, Pa., assignor to Joseph A. 
Jeffrey. Columbus, Ohio. Filed Feb. 20, 1904. 
Serial No. 194,586. 


The combination of a motor platform or car- 
rier, a cutter-frame having a central thrust-rail 
adjustable relatively to the motor-carrier and 
having its rear end loosely braced, and a con- 
necting and bracing bar projecting forward from 
the motor-carrier and adjustably clamped to the 
said centre rail of the cutter-carriage, substan- 
tially as set forth. 


810,061. PNEUMATIC-CUSHION WHEEL. 
Charles A. Lee, Kansas City, Kans., assignor 
of one-half to Albert J. Holzmark, Kansas 
City, Kans. Filed June 28, 1905. Serial Ne. 
267,471. 


810,298. AIR-LOCK FOR CAISSONS. William 
Mcllvrid, Jersey City, N. J., assignor to The 
Cockburn Barrow and Machine Company, Jer- 
sey City, N. J., a Corporation of New Jersey. 
Filed June 22, 1905. Serial No. 266,488. 


A casing having a stationary top portion ex- 
tending partially over the upper end thereof, 
said casing having an opening in its side extend- 
ing lengthwise thereof to permit of removing 
and replacing the bucket, and means for simul- 
taneously closing said opening and that part of 
the top of the casing not covered by said sta- 
tionary portion. 


810,316. EMERGENCY RAIL-BRAKE. Powell 
O. Adams, Cameron, Tex. Filed July 6, 1903. 
Serial ‘No. 164,194. 


809,409. PNEUMATIC TIRE. Pardon W. Til- 
linghast, Edgewood, R. I. Filed Mar. 5, 1903. 
Serial No. 146,396. 


809,530. PNEUMATIC-TIRE COVER. William 
A. Sankey, Sutton, England, assignor to Frank 
Reddaway, Manchester, England. Filed Jan. 
24, 1905. Serial No. 242,544. 


809,633. SUBMARINE MINING. Edgar F. 
Scheibe, New York, N. Y., assignor, by direct 
and mesne assignments, to Submarine Gold 
Mining Company, a Corporation of New York. 
Filed Mar. 1, 1905. Serial No. 247,904. 
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In combination, a support arranged to rest 
on the bottom, and a caisson supported thereby 
and adapted to extend to the bottom to permit 
expulsion of the water therefrom within the 
area of the caisson. 


809,707. PNEUMATIC TRAIN-CONTROL 
SYSTEM. John B. Linn, Schenectady, 'N. Y., 
assignor to General Electric Company, a Cor- 
poration of New York. Filed Oct. 16, 1902. 
Serial No. 127,464. 


809,774. SYSTEM OF CONTROL. Frank &. 
Case, Schenectady, N. Y., assignor to General 
Electric Company, a Corporation of New York. 
Filed June 12, 1905. Serial No. 264,763, 


809,908. SYSTEM OF CONTROL. Frank E. 
Case, Schenectady, N. Y., assignor to General 
Electric Company, a Corporation of New York. 
Filed Oct. 1, 1904. Serial No. 226,755. 


809,919. PNEUMATIC MOTOR. Lawrence U. 
Jobes, Cincinnati, Ohio. Filed Dec. 5, 1904. 
Serial No. 235,545. 


The combination with a bellows, of a bellows- 
passage communicating therewith, a valve-passage 
leading from the bellows-passage to the exhaust- 
passage; an exhaust-passage communicating with 
the valve-passage by way’ of a port; a valve con- 
trolling said port; a pneumatic placed in said ex- 
haust-passage operating said valve; a pneumatic- 
passage leading from said pneumatic in the ex- 
haust-passage to the outer air with a pneumatic- 
port at the outer end thereof; an air-passage 
communicating with said bellows, having an air- 
port at the outer end thereof, the pneumatic- 
port and air-port being controlled by a single 
slide-valve. 


810,428. TUNNEL-SHIELD. Charles L. Parme- 
lee, Orange, N. J., and Edward G. Williams, 


Washington, D. C. Serial 


No. 239,299. 


Filed Jan. 3, 1905. 


810,450. APPARATUS FOR TREATING AIR. 
Frederick White, Boston, Mass., assignor to 
Regenerated Cold Air Company, Portland, Me., 
a Corporation of Maine. Filed Sept. 4, 1903. 
Renewed Nov. 11, 1905. Serial No. 286,790. 


810,451. APPARATUS FOR TREATING AIR. 
Frederick White, South Boston, Mass., as- 
signor to Regenerated Cold Air Company, 
Kittery, Me., a Corporation of Maine. Filed 
Aug. 8, 1904. Renewed Nov. 11, 1905. Serial 
No. 286,791. 
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810,514. FLUID-PRESSURE BRAKE. — Walter 
V. Turner, Wilkinsburg, and John S. Custer, 
Pittsburg, Pa., assignors to The Westinghouse 
Air Brake Company, Pittsburg, Pa., a Corpo- 
ration of Pennsylvania. Filed Apr. 27, 1904. 
Serial No. 205,116. 


TOOL. William E. 
Filed July 20, 1904. 


810,603. PNEUMATIC 
Badger, Quincy, Mass. 
Serial No. 217,364. 
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A pneumatic impact-tool, including a cylinder 
and piston, a valve-casing having a valve therein 
for controlling the movements of the piston, a 
head secured to said cylinder and held in fixed 


relation thereto and to said valve-casing, a 
handle or support upon which said head is ro- 
tatably mounted, said head having a passage for 
motive fluid which is alternately placed in com- 
munication with opposite ends of the cylinder, a 
passage in said handle which may be connected 
with a source of fluid-pressure supply and is 
adapted te be placed in communication with said 
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passage in the head, and means to rotate said 
cylinder with relation to said handle and source 
of fluid-pressure supply. 


810,609. ELECTROFLUID PRESSURE ME- 
CHANISM FOR OPERATING RAILROAD 
APPLIANCES. Walter J. Bell, Los Angeles, 
Cal., assignor of one-half to Leon F. Moss, 
Los Angeles, Cal. Filed Dec. 1, 1903. Serial 
No. 183,355. 


810,624. PRESSURE-CONTROLLING DEVICE 
FOR THE AIR SPRINGS OF PRINTING. 
PRESSES. Charles P. Cottrell, Westerly, 
R. I., assignor to C. B. Cottrell & Sons Com- 
pany, New York, N. Y., a Corporation of 
New Jersey. Filed Apr. 4, 1905. Serial No. 
253,787. 


810,689. ROCK-DRILL. Arthur H. Gibson, 
Easton, Pa., assignor to The Ingersoll-Ser- 
geant Drill Company, New York, N. Y., a 
Corporation of West Virginia. Filed June 9, 
1905. Serial No. 264,433. 
































The combination with a rock-drill cylindet 
having a rear extension, of a piston having a 
hollow tail-rod extended into and entirely in- 
closed by said rear extension, a sleeve surround: 
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ing the tail-rod forming an annular chamber 
within the rear extension, a rifle-bar telescoping 
within the tail-rod and a port leading from the 
annular chamber to the air-space within the 
sleeve and tail-rod. 


810,672. DISCHARGE-VALVE FOR FLUID- 
COMPRESSORS. William Prellwitz, Easton, 
Pa., assignor to The Ingersoll-Sergeant Drill 
Company, New York, N. Y., a Corporation of 
West Virginia. Filed Apr. 1, 1905. Serial No. 


253,247. 


\ 
a 


A valve-seat, a valve, its spring for yieldingly 
holding the valve closed, a removable valve- 
guide engaged with the seat and means for 
yieldingly holding the valve guide and seat in 
position. 


810,671. SEPARABLE HEAD-COUPLING. 
William Prellwitz, Easton, Pa.,; assignor to 
The Ingersoll-Sergeant Drill Company, New 
York, N. Y., a Corporation of West Virginia. 


Filed Mar. 8, 1905. Serial No. 249,135. 

















A separable head-coupling for alined cylinders 
comprising two cylinder-heads having shanks re- 
movably secured together, one of the heads when 
released being arranged to. permit its shank to 
telescope within the shank of the other head. 


810,725. BELL-RINGER. 
Tacoma, Wash. 
No. 272,298. 


Richard M. Crosby, 
Filed Aug. 2, 1905. Serial 
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810,670. COOLER FOR COMPRESSORS. Wil- 
liam Prellwitz, Easton, Pa., assignor to The 
Ingersoll-Sergeant Drill Company, New York, 
N. Y., a Corporation of West Virginia. Filed 
Apr. 14, 1908. Serial No. 152,582. 
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A cooler for compressors comprising a stack 
of cooling-tubes, a casing therefor having an 
upper fluid-inlet head, a lower fluid-discharge 
head, and a connecting body portion extended 
into the interior of the fluid-discharge head 
abcut the portion of the stack of tubes extended 
therein and removably secured to the discharge- 
head whereby the air is confined to the stack of 
tubes within the discharge-chamber and the cool- 
ing-tubes may be removed from the discharge- 
head by a comparatively short upward movement 
of the body portion. 


810,759. VALVE FOR COMPOUND AIR- 
COMPRESSORS, Ebenezer Hill, Norwalk, 
Conn. Filed Jan. 24, 1905. Serial No. 242,498. 


A valve for the intake-passage of an air-com- 
pressor having a valve-disk adapted to open and 
close the passage, a plunger movable toward and 
from the disk, said plunger having a surface at 
its inner end that is exposed to the air-pressure 
in the intake-passage when the plunger is at its 
inner limit, and a larger surface back from its 
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inner end that is exposed to the air-pressure in 
the intake-passage when the plunger is moved 
fiom its inner limit, whereby the pressure 
against the smaller surface will tend to move the 
plunger away from the disk and pressure against 
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the larger surface will tend to hold the plunger 
away from the disk, and a spring arranged to 
force the plunger against the air-pressure when 
the pressure drops below normal and cause the 
plunger to interfere with the ordinary action of 
the disk. 


810,862. SAFETY COUPLING-SECTION 
AIR-BRAKE PIPES. 
Toledo, Ohio. 
221,370. 


FOR 
William J. Hofstatter, 
Filed Aug. 19, 1904. Serial No. 


810,868. COUPLING-SECTION 
AIR-PIPES. 
Ohio. 


FOR TRAIN 
William J. Hofstatter, Toledo, 
Filed June 17, 1905. Serial No. 265,697. 


810,884. PNEUMATIC HOIST. James L. Pill- 
ing, Bucyrus, Ohio, assignor to Pilling Air En- 
gine Company, Detroit, Mich., a Corporation. 
Filed Dec. 27, 1904. Serial No. 238,536. 











A hoisting mechanism, including the combina- 
tion of a rotatable horizontal shaft, a plurality 
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of sprockets thereon, a loop-chain having its two 
strands passing over two sprockets, a motor to 
rotate the shaft, a throttle-valve to control said 
motor, and means adapted to be actuated manu- 
ally or by contact with another portion of the 
mechanism whereby said valve may be actuated, 


810,890. REVERSING MECHANISM FOR RO. 
TARY MOTORS. Albert H. Taylor, Easton, 
Pa., assignor to The Ingersoll-Sergeant Drill 
Company, New York, N. Y., a Corporation of 
West Virginia. Filed July 14, 1905. Serial 
No. 269,607. 
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A motor, means for supplying motive fluid 
thereto, a reversing-valve, passages leading from 
the motive-fluid supply and the opposite sides of 
the motor piston-chamber to the face of the 
valve, a port in the valve for alternately opening 
communication from the fluid-supply passage to 
the one cr the other of the motor piston-supply 
passages, exhaust-ports opening to the face of 
the said valve and ports in the valve for alter- 
nately opening communication from the one or 
the other of the motor piston-supply passages to 
the one or the other of the said exhaust-passages, 
a spring for moving the reversing-valve in one 
direction and means for controlling the supply 
of motive fluid for moving the valve in the oppo- 
site direction. 


811,064. AIR-BRAKE. Edwin T. Hughes, Glad- 
stone, Colo., assignor of one-fourth to Vincent 
J. O’Brien, one-fourth to Willis Z. Kinney, 


and one-fourth to James M. Rogers, Silverton, 
Colo. Filed Oct. 9, 1905. Serial No. 281,912. 


811,109. PNEUMATIC TIRE. Friedrich Veith, 
Hochst-in-the-Odenwald, Germany. Filed Apr. 
29, 1905. Serial No. 257,971. 


811,110. APPARATUS FOR PUMPING LI 
QUID. George L. Waterhouse, New York, 
N. Y. Filed June 13, 1905. Serial No. 264,984, 
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An apparatus comprising a plurality of recep- 
tacles provided with liquid induction and educ- 
tion means, means for controlling the flow of 
steam to each receptacle to accord with the rise 
and fall of liquid therein, means for discharging 
heated fluid from the lower interior of one re- 
ceptacle into the upper interior of another recep- 
tacle upon a charge of liquid therein before 
steam is admitted thereto, and means for caus- 
ing condensation of steam in said receptacles 
after liquid has been discharged therefrom. 


GAS-COMPRESSOR. Louis 
Filed Aug. 18, 1904. 


Sterne, 
Serial 


$11,181. 
London, England. 
No. 221,279. 
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A double-acting gas-compressor, composed of 
two tandem single-acting single-stage compressor- 
cylinders, each having a delivery-valve at its 
outer end, a gas-tight casing of larger diameter 
connecting the adjacent inner ends of the cylin- 
ders, a return-gas inlet to the casing, two con- 
nected hollow trunk-pistons working in the re- 
spective cylinders, each such piston carrying a 
suction-valve and apertured to afford communi- 
cation between the casing and the valve, radial 
arms on the pistons, and piston-rods connected 
to the arms and passing through lateral stuffing- 
boxes at one end of the casing, whereby the cyl- 
inders, pistons and piston-rods are kept at a mod- 
erate uniform low temperature. 


$11,296. PNEUMATIC SPRING FOR  VE- 
HICLES. Matthew M. Howland, Providence, 
R. I., assignor of one-half to William W. Dun- 
nell, Providence, R. I. Filed May 11, 1905. 
Serial No. 259,969. 


811,330. PRESSURE AND SUCTION DE- 
VICE. Eugen Roth, Schoneberg, near Berlin, 
Germany. Filed May 6, 1904. Serial No. 
206,759. 


An air-tight chamber having an elastic flexible 
wall, and a series of devices conforming to and 
movable with said wall, to prevent disruption 
thereof; with levers contacting said devices, a 
reciprocity rod, and an operative connection be- 
tween the rod and levers. 


811,378. AIR-COMPRESSING ENGINE. Hobbs 
E. Clifford, Lafontaine, Ind. Filed Apr. 17, 
1905. Serial No. 255,926. 

















An engine including a support having a cham- 
ber therein, a hollow cylindrical abutment. se- 
cured fixedly at an end thereof to the support in 
communication with the chamber thereof and 
provided at the opposite end thereof with a2 
valve-seat, a valve operative on the valve-seat 
and having an operating-rod extending through 
the chamber of the support, a hollow cylinder 
movable on the abutment, a rotative shaft having 
a crank, operative connections between the hol- 
low cylinder and the crank of the shaft, and con- 
nections between the rotative shaft and the 
operating-rod of the valve. 


811,400. PNEUMATIC BELL RINGER. John 
Howe, Joseph, Mo. Filed May 6, 1904. 
Serial No. 206,772. 


The combination of a bell-crank for an alarm- 
bell, a cylinder provided with inlet and exhaust 
posts in the wall at one side thereof only, a re- 
ciprocating piston mounted therein and provided 
with inlet and exhaust passages arranged to be 
connected and disconnected alternately with the 
inlet and exhaust ports in the cylinder, means 
for keeping the reciprocating piston seated on 
the port side of the cylinder-wall, and means for 
connecting the reciprocating piston with the bell- 
crank. 


811,507. AUTOMATIC AIR-BRAKE APPA- 
RATUS FOR AUTOMOBILES. Frederick 
Kalisch, St. Louis, Mo., assignor of one-eighth 
to Geo. D. Kiuegel, St. Louis, Mo. Filed Mar. 
24, 1905. Serial No. 251,903. 


$11,525. AIR-BRAKE. William L. Stiarwalt 
and William H. Cool, Bellefontaine, Ohio. Filed 
June 22, 1905. Serial No. 266,533. 


811,582. PNEUMATIC STACKER. Henry J. 
Daws, Hopkins, Minn., assignor to Severin N. 
Sorensen, Minneapolis, Minn. Filed Feb. 6, 
1904. Serial No. 192,293. 
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We have 
built up the largest 
educational institution 
in the world, with an invested 
capital of 5 million dollars and 
with 3 of a million students, by 
helping people to increase their earn- 
ings. This remarkable growth means 
that we have made a remarkable success 
of enabling people to earn more money. 
It is because we have helped so many 
thousands of others under all circum- 
stances that we state positively that we 
can help Do you want to raise 
your salary? It puts you under no 
obligation to find out how you can 
do so. Simply write us, stating 
the occupation you wish to 
rise in. DO IT NOW. 
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Want to Reach the 
Railroads of the 
Entire World ? 


You can do so by advertising in THE RAILROAD 
GAZETTE. We publish two editions—one in New York 
and another in London. If you advertise in the American 
edition your advertisement is reprinted in the latter without 
extra charge. 

Amongst railroad officials the circulation of the 
RAILROAD GAZETTE is greater than the combined circu- 
lation of all other railroad papers. It covers all depart- 
ments of railroading and is a recognized authority. We 
publish all the standard railroad books. 


Advertising rates on application. 


THE RAILROAD GAZETTE ‘tie tonsdnock,’ chicago. 


Queen Anne’s Chambers, London. 
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MINES AND MINERALS 


MARCH 


Is devoted exclusively to articles on 
the practical operation and principles 
involved in the operation of mines and 
metallurgical plants. It publishes just 
such articles as are of most value to the 
men in charge of mining and metal- 
lurgical plants. These articles are 
selected with such care and are so 
carefully illustrated and edited that 
MINES AND MINERALS is regarded as 
the leading exponent of American 
mining methods. 








Single Copies, 20 Cents. $2.00 the Year 


Address all Orders to Department C 


MINES AND MINERALS, Scranton, Pa. 
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AIR COMPRESSORS 


Golden Cycle Mining 
Co.’s Compressor 
Plant, Independence, 
Colo., consisting of 
two Sullivan straight 
line two-stage Com- 
pressors. This plant 
operates 22 rock drills, 
and embodies the 
latest practice in fuel 
economy and air 
efficiency. 


Bulletin 53-A 


SULLIVAN MACHINERY CO. 


Chicago Pittsburg St. Louis Salt Lake 
New York Knoxville Denver El Paso 
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WHEELER CONDENSER & ENGINEERING CO. 
42 BROADWAY, NEW YORK 


STATIONARY 


SURFACE 
CONDENSERS 
Mounted on 
Combined Air 

and 
Circulating 
Pumps. 


PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER ; WHEELER LIGHTHALL SURFACE CONDENSER ; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 











Gas Engines and Air Compressors of 
every class for Shops, Marine, Mines, 
Building and Bridge Construction. 
We manufacture Gasoline, Elec- 
trical and Belt-Driven Air Com. 
pressors. 


Our Gasoline Direct-Con- 
nected Air Compressors 
are the only Machines of 
their kind in the World. 
Our GasolineEngines or Compressors 
are also mounted on wagons to 


make them portable. 


Write for Catalog. 
ey 
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Coke Districts and 
Technical Articles written 
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Cc. W. SMITH, Publisher 
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Clean-Washed Material permits Accurate Sorting 


” “CRANE” 


SGREEN AnD WASHER 





COLLECTS 


Rich “Fines’’ by Screening 
Rich “Slimes’’ by Washing 
Rich “‘ Lumps’’ by Picking 


Complete Plants for CONCENTRATION, CYANIDING, 
CHLORINATION and SMELTING of Ores 
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Engineers and Contractors 
DENVER, COLO. 
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== THE 
ENGINEERING 
MAGAZINE 


AN INDUSTRIAL REVIEW 





THE ENGINEERING MAGAZINE 
publishes the best original articles 
by the highest authorities on all 
phases of current engineering 

rogress. 

Additional and exclusive fea- 
tures are: a Review and Topical 
Index to the current contents of 
nearly two hundred engineering 
and industrial journals; Current 
Record of New Technical Books; 
Industrial News; latest Improved 
Machinery and new Trade Liter- 
ature. 

Every number is a valuable refer- 
ence book for every engineer or 
student of engineering. 

Ask for sample copy and descrip- 
tive circular. 


THE ENGINEERING MAGAZINE 
140-142 Nassau St., New York. 


AIR. 





‘‘Compressed Air”’ 


Orders now received for 
Bound Copies of 
VOL. 10 


Record of another year’s happen- 
ings and inventions in which 
Compressed Air figures. 
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Forwarded Postpaid on receipt of price 
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ITS USES AND APPLICATIONS 


ABOUT 
700 PACES. 

600 HANDSOME 

ILLUSTRATIONS. 


LARCE S8vo. 


By 
GARDNER D. 
HISCOX, M.E. 


PRICE, $5.00. 


READY 


SSED AIR 


A complete treatise on Com- 
pressed Air, comprising its phys- 
ical and operative properties from 
a vacuum to its liquid form. Its 
thermodynamics, compression, 
transmission, expansion, and its 
uses —— purposes in min- 
ing and engineering work; 
pneumatic motors, shop tools, 
air blasts for cleaning and paint- 
ing. The Sand Biast, air lifts, 
pumping of water acids and 
cils; aeration and purification 
of water supply, are all treated, 
as well as railway propulsion, 
pneumatic tube transmission, re- 
frigeration. The Air Brake, and 
numerous appliances in which 
compressed sir is a most conveni- 


ent and economical vehicle for work—with air tables of compression, expansion and physical 
properties. Copies of this book will be sent prepaid to any address on receipt of price. Address 


COMPRESSED AIR, 11 Broadway, New York 
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JUST PUBLISHED 


Flectrician’s Handy Book 


By T. O’CONOR SLOANE, A.M., E.M., PH.D. 


Handsomely Bound in Red Leather, with Titles and 
Edges in Gold. Pocket Book Style. 500 Illustrations, 
800 Pages. 


Price, Postage Paid, $3.50 


This book supplies a distinct want in the realm of electrical 
literature. It is designed to cover the field of practical electric 
engineering, yet to include nothing unnecessary for the every-day 
worker in electricity to know. Its pages are not encumbered with 
any useless theory—everything in it is to the point, and can be 
readily understood by the non-technical man, and at the same 
time the educated engineer will receive great benefit from its 
perusal. Jt is a modern book of references, a compendium of use- 
ful data. It gives the clue to the operation of electrical systems 
of to-day, leaving out the old and useless matter which has 
encumbered many text books. yet not omitting hints from the 
past, which have a meaning in the present. 





Copies of this book will be sent postage paid on receipt of price. 
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not found in other makes. 


BRADFORD, PA. 





Air Compressors 
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‘Compressed Air’ is 
glad to answer any 
questions on the use 
of compressed air and 
kindred subjects 
which may interest 


any of our readers 


Send Your Inquiries 
to 


COMPRESSED AIR 


iif BROADWAY 


NEW YORK 




















IMPERIAL 


PNEUMATIC TOOLS 


The Ingersoll-Rand Com- 
pany exclusively controls 
the product of the Imperial 
Pneumatic Tool Com- 
pany. Customers are now 
offered two lines of pneu- 
matic tools of established 
superiority 





“‘HAESELER”’ 


AND 


“IMPERIAL.” 


Including pneumatic ham- 
mers, drills, riveters, ream- 
ets, hoists and plug drills. 


INGERSOLL-RAND CO. 


11 BROADWAY, NEW YORK 





CHICAGO, ILL. PHILADELPHIA, PA. ST. LOUIS, MO. 

CLEVELAND, O. HOUGHTON, MICH. EL PASO, TEX. 

BOSTON, MASS. MEXICO CITY, MEX. PITTSBURG, PA, 
U 31 
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CHICAGOPNEUMATIC TOOL CO. 


Fisher Building, CHICAGO 
95 Liberty Street, NEW YORK 


Manufacturers of the 
Boyer and Keller Tools 
“Little Giant,”’ Boyer and 
Keller Air Drills and 
Air-Cooled 














Duntley 
Electric ~~. Electric Motor Hoists, 
Drills Geared Motor and Straight 


o “4 Lift Air Hoists and full Line }; 
of Pneumatic Appliances 








co°) New Catalogue 17 ready for distribution. 
2, . Most complete Catalogue of Pneumatic 
% : Tools and Appliances ever issued. 





























COUPLERS than you can imagine without a trial: we 


will guarantee them to meet the requirement of the heaviest work on 
air or steam hose. Made with or without attached releasing levers. 


THE W. J. CLARK CO., Salem, Ohio 
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